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CONSTITUTION. — Art. xiii. Sec. 1. Proprietors, upon 
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annual examination. 

BY-LAWS. — Art. vii. Sec 2. No member shall take away 
a book belonging to the institution, unless the same be recorded ; 
or remove a newspaper from the files. 

Sec. 3. Any member who defaces any book belonging to the 
Association, by marking upon it with pencil or otherwise, shall 
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I Sec 1. If any member shall refuse to pay the amount of any fine or fines which 

may be assessed him, his right to remove books from the Library shall be suspended 
until he complies with the requirements. 

Sec 5. If any proprietor shall lose or deface a volume, he shall replace the same 
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volumes at a fair appraisal, or make an ample recompense. 
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District or Pennjylvama, to wit : 
BE IT REMEMBERED, That on the thirtieth day of December, 

in the thirty third year of the Independence of the United States of Ame- 
rica, A. D. 1808, James. Humphreys, of the faid Dijlricl, hath depofi- 
ted in this office, the title of a book, the right whereof he clams as pro- 
prietor, in the words following, to wit : 

" Coniierfations on Chymifiry, in •which the Elements of that 
11 Science are familiarly explained and illujirated by Experiments 
*' and Plates, from the laft London Edition: the Second American 
?' Edition : enlarged by an Appendix conjijiing of a Defcription 
*' with a Plate, and the Manner of ujing the new Hydro-pneumatic 
" Blow-pipe, invented by Mr. Jojeph Cloud, of the Mint of the 
" United States : alfo of Three Difquifitions, one on Dyeing, one 
'** on Tanning, and one Currying." 
In conformity to the Ad of the'Congrefs of the United States, intituled t 
«*■ an acl for the encouragement of learning, by fecuring the copies of maps, 
charts, and bocks, to the authors and proprietors of fuch copies during 
the times therein mentioned." And alfo to the ail, entitled ** an of; 
fupplementaiy to an ail, entitled "an at! for the encouragement of learn- 
ing, by fecuring the copies of maps, charts, and books, to the author: 
proprietors of fuch copies during the time therein mentioned,'" and extend- 
ing the benefits thereof to the arts of defigning, engraving, and ett 
other prints." 

D. CALDWELL, 

Clerk jf the Diftriil of? 



PREFACE. 



IN 'venturing to offer to the public, and more particu- 
larly to the female sex, an Introduction to Chymistry, the 
author, herself a woman, conceives that sotne explanation 
may be required ', and she feels it the more necessary to apolo- 
gize for the present undertaking, as her knowledge of the 
subjeci is but recent, and as she can have no real claims to 
the title of chymist. 

On attending for the first time, experimental letlures, the 
author found it almost impossible to derive any clear or satis- 
factory imformation from the rapid demonstrations which are 
usually, and perhaps necessarily, crowded into popular courses 
cf this kind. But frequent opportunities having afterwards 
occurred of conversing with a friend on the subjeci of chy- 
mistry, and of repeating a variety of experiments, she be- 
came better acquainted with the principles of that science, 
and began to feel highly interested in its pursuit* It was 
then that she perceived, in attending the excellent letlures de- 
livered at the Royal Institution, by the present Professor cf 
Chymistry, the great advantage which her previous know- 
ledge cf the subjeci, slight as it was, gave her over others 
who had not enjoyed the same means of private instruction. 
Every fail or experiment at trailed her attention, and served 
to explain some theory to which she was 'not a total stranger j 
and she had the gratification to find that the numerous and ele- 
gant illustrations, for which that school is so much distin- 
guished, seldom failed to produce on her mind the effeci 
which they were intended. 

Hence it was natural to infer, that familiar conversation 
was, in studies of this kind, a most ueful auxiliary source of 
information ; and more especially to the female sex, w,. 
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education is seldom calculated to prepare their minds for a* 
'iracl ideas, or scientific language. 

As, however, there are but few nvomen who have access 
to this mode of instruction ; and as the author was not ac- 
quainted with any hook that could prove a substitute for it, 
ohe thought that it might be us ef id for beginners, as well as 

atafuclcry to herself, to trace the steps by -which she had 
acquired her little stock of chymical knowledge, and to record 
m the form of dialogue, those ideas which she- had first de- 
t ived from conversation. 

But to do this with sufficient method, and to fix upon a 
mode of arrangement , was an objeel of some difficulty . After 
much hesitation, and a degree of embarrassment , which, pro- 
bably, the most competent chymical writers have often felt in 

ommon with the most superficial, a nuide of division was 

ted, v.hich, though the most natural, does not always 

admit of being strictly pursued— it is that of treating first 

uf 'the simplest bodies, and then gradually rising to the most 

. tricate compounds, 
It is not the duiker's intention to enter into a minute vlndi- 
n of this plan. But, whatever may be its advantages 
or inconveniences, the method adopted in this work is such± 
that a young pupil, who should occasionally recur to it. with 
a view to procure information on particular subjecls, might 
eft en find it obscure or unintelligible ; for its various parts 
ere so connected with each other as to form an uninterrupted 
i bain of fails and reasonings, which will appear sufficiently 
dear and consistent to those only who snay have patience to go 
; ''.rough the whole work, or have previously devoted seme at- 
tention to the subjecl. 

It will, no doubt, be observed, that in the course of these 
conversations, remarks are often introduced, which appear 
much too a:ute for the young pupils , by whom they are suppo- 
sed to be made. Of this fault the author is fully aw/are. — 
But in order to avoid if, it vjculd have been necessary either 
to omit a variety of useful illustrations, or to submit to such 
7ninute explanations and frequent repetitions, as vjculd have 
rendered the work much less suited to its purpose. 

In writing these pages, the author vjas more than once 
checked in her progress by the apprehension, that such an at- 
tempt might be considered by some, either as unsuited to the 
ordinary pursuits of her sex, or ill justified by her own recent 
and imperfect knowledge of the subjecl. But, on the one 

hand, she felt encouraged by the establishment of those public 



Institutions, open to both sexes, for the dissemination of phi. 
losophical knowledge, vhich clearly prove, that the general 
opinion no longer excludes women from an acquaintance with 
the elements of science ; and, on the other, she flattered her- 
self, that whilst the impressions made upon her mind, by the 
•wonders of Nature studied in this new point of -view, were 
still fresh and strong, she might perhaps succeed the better 
in communicating to others the sentiments she herself experi- 
enced. 

It will be observed, that, from the beginning of the wGrk 
it is taken for granted, that the reader has previously ac- 
quired some slight knowledge of natural philosophy , a circum- 
stance, indeed, which appears very desirable. The author's 
original intention was to commence this work by a small trail, 
explaining, on a plan analogous to this, the most essential ru~ 
diments of that science. This idea she has since abandoned ; 
but the manuscript was ready, and might perhaps have been 
printed at some future period, had not an elementary work of 
a similar description, under the title of " Scientific Dia- 
logues," been lately pointed out to her, which, on a rapid 
perusal, she thought very ingenious, cwd well calculated to 
answer its intended objecJ. 
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CONVERSATION I. 

On the General Principles of Chemistry* 



Mrs. B. 

HAVING now acquired some elementary notions 
of Natural Philosophy, I am going to propose 
to you another branch of science to which I am 
particularly anxious that you should devote a share 
of your attention. This is Chemistry, which is 
so closely connected with Natural Philosophy, that 
the study of the one must be incomplete without 
some knowledge of the other ; for it is obvious that 
we can derive but a very imperfect idea of bodies 
from the study of the general laws by which they 
are governed, if we remain totally ignorant of their 
intimate nature. 
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Caroline. To confess the truth, Mrs. 15. I am not 
disposed to form a very favourable idea of Chemistry, 
nor do I expe£t to derive much entertainment from 
it. I prefer those sciences that exhibit nature on a 
grand scale, to those which are confined to the mi- 
nutice of petty details. Can the studies which we 
have lately pursued, the general properties of mat- 
ter, or the revolutions of the heavenly bodies, be 
compared to the mixing up of a few insignificant 
drugs? 

Mrs. B. I rather imagine that your want of taste 
for chemistry proceeds from the very limited idea 
you entertain of its object. You confine the che- 
mist's laboratory to the narrow precincts of the apo- 
thecary's shop, whilst it is subservient to an im- 
mense variety of other useful purposes. Besides, 
my dear, chemistry is by no means confined to 
works of art. Nature also has her laboratory, which 
is the universe, and there she is incessantly employ- 
ed in chemical operations. You are surprised, Ca- 
roline; but I assure you that the most wonderful and 
the most interesting phenomena of nature are al- 
most all of them produced by chemical powers. 
"Without entering therefore into the minute details 
of practical chemistry, a woman may obtain such a 
knowledge of the science, as will not only throw an 
interest on the common occurrences of life, but 
will enlarge the sphere of her ideas, and render the 
contemplation of Nature a source of delightful in- 
struction. 

Caroline. If this is the case, I have certainly been 
much mistaken in the notion I had formed of che- 
mistry. I own that I thought it was chiefly con- 
fined to the knowledge and preparation of medi- 
cines. 

Mrs. B. That is only a branch of chemistry, 
which is called Pharmacy, and though the study of 
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it is certainly of great importance to the world at 
large, it properly belongs to professional men, and 
is therefore the last that I should advise you to stu- 

Emily. But did not the chemists formerly employ 
themselves in search of the Philosopher's Stone, or 
the secret of making gold ? 

Mrs. B. These were a particular set of pnisguided 
philosophers, who dignified themselves with the 
name of Alchymists, to distinguish their pursuits 
from those of the common chemists, whose studies 
were confined to the knowledge of medicines. 

But, since that period, chemistry has undergone 
so complete a revolution, that, from an obscure and. 
mysterious art, it is now become a regular and beau- 
tiful science, to which art is entirely subservient. It 
is true, however, that we are indebted to the alchy- 
mists for many very useful discoveries, wh ch sprung 
from their fruitless attempts to make gold, and which 
undoubtedly have proved of infinitely greater ad- 
vantage to mankind than all their chimerical pursuits. 

The modern chemists, far from directing their 
ambition to the imitation of one of the least useful 
productions of inanimate nature, aim at copying 
almost all her operations, and sometimes even form 
combinations, the model of which is not to be found 
in her own productions. They have little reason to 
regret their inability to make gold (which is often 
but a false representation of riches), whilst by their 
innumerable inventions and discoveries, they have 
so greatly stimulated industry and facilitated labour, 
as prodigiously to increase the luxuries as well as the 
necessaries of life. 

Emily. But I do not understand by what means 
chemistry can facilitate labour; is not that rather 
the province of the mechanic ? 
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Mrs. B. There are many ways by which labour 
may be rendered more easy, independently of me- 
chanics ; but even the machine the most wonderful 
in its effects, the steam engine, cannot be under- 
stood without the assistance of chemistry. In agri- 
culture, a chemical knowledge of the nature of 
soils, and of vegetation, is highly useful; and in 
those arts which relate to the comforts and conve- 
niencies of life, it would be endless to enumerate 
the advantages which result from the study of this 
science. 

Caroline. But, pray, tell us more precisely in 
what manner the discoveries of chemists have pro- 
ved so beneficial to society. 

Mrs. B. That would be an unfair anticipation; 
for you would not comprehend the nature of such 
discoveries and useful applications, so well as you 
will do hereafter. Without a due regard to method, 
we cannot expect to make any progress in chemis- 
try. I wish to direct your observation chiefly to the 
chemical operation? of Nature; but those of Art are 
certainly of too high importance to pass unnoticed. 
We shall therefore allow them also some share of 
our attention. 

Emily. Well then, let us now set to work regu- 
larly, I am very anxious to begin. 

Mrs. B. The object of chemistry is to obtain a 
knowledge of the intimate nature of bodies and of 
their mutual action on each other. You find 
therefore, Caroline, that this is no narrow or con- 
lined science, which comprehends every thing ma- 
terial within our sphere. 

Caroline. On the contrary, it must be inex- 
haustible ; and I am at a loss to conceive how any 
proficiency can be made in a science whose objects 
ire so numerous. 
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Mrs. B. If every individual substance was form- 
ed of different materials, the study of chemistry 
would indeed be endless; but you must observe, that 
the various bodies in nature are composed of certain 
elementary principles, which are not very numerous. 

Caroline. Yes; I know that all bodies are com- 
posed of fire, air, earth, and water; I learnt that 
many years ago. 

Mrs. B. But you must now endeavour to forget 
it. I have already informed you what a great 
change chemistry has undergone since it has become 
a regular science. Within these thirty years espe- 
cially, it has experienced an entire revolution, and 
it is now proved that neither fire, air, earth, nor 
water, can be called elementary bodies. For an 
elementary body is one that cannot be decomposed, 
that is to say, separated into other substances ; and 
fire, air, earth, and water, are all of them suscep- 
tible of decomposition. 

Emily. I thought that decomposing a body was 
dividing it into its minutest parts. And if so, I do 
not understand why an elementary substance is not 
capable of being decomposed, as well as any other. 

Mrs. B. You have misconceived the idea of 
Decomposition ; it is very different from mere divi- 
sion: the latter simply reduces a body into parts, but 
the former separates it into the various ingredients, 
or materials, of which it is composed. If we were 
to take a loaf of bread, and separate the several in- 
gredients of which it is made, the flour, the yeast, 
the salt, and the water, it would be very different 
from cutting the loaf into pieces, or crumbling it 
into atoms. 

Emily. I understand you now very well. To 
decompose a body is to separate from each other 
the various elementary substances of which it con- 
sists. 

»2 
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Caroline. But flower, water, and the other ma- 
terials of bread, according to your definition, are 
not elementary substances ? 

Mrs. B. No my dear; I mentioned bread rather 
as a familiar comparison, to illustrate the idea, than 
as an example. 

The elementary substances of which a body is 
composed, are called the constituent parts of that bo- 
dy; in decomposing it, therefore, we separate its 
constituent parts. If on the contrary, we divide a 
body by chopping it to pieces, or even by grinding 
or pounding it to the finest powder, each of these 
small particles will still consist of a portion of the 
several constituent parts of the whole body: these 
■we call the integrant parts ; do you understand the 
difference ? 

Emily. Yes, I think, perfectly. We decompose a 
body into its contiitmnt parts; and divide it into its 
integrant parts. 

. Mrs. B. Exactly so. If therefore a body con- 
sist of only one kind of substance, though we may 
divide it into its integrant parts, it is not possible to 
decompose it. Such bodies are therefore called 
simple or elementary^ as they are the elements of 
which all other bodies are composed. Compound 
bodies are such as consist of more than one of these 
elementary principles. 

Caroline. But do not fire, air, earth, and water, 
consist, each of them, but of one kind of sub- 
stance ? 

Mrs. B. No, my dear ; they are every one of 
them susceptible of being separated into various 
simple bodies. Instead of four, chemists now rec- 
kon upwards of forty elementary substances. These 
we shall first examine separately, and afterwards 
consider in their combinations wijjh each other. 
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Their names are as follow : 

LIGHT, SILEX, ZINC, 

CALORIC, ALUM1NE, BISMUTH, 

OXYGEN, YTTRIA, ANTIMONY, 

NITROGEN, GLUCINA, ARSENIC, 

HYDROGEN, ZIECONIA, COBALT, 

SULPHUR, AGUSTINA, MANGANESE, 

phosphorus, (25 Metals.) TUNGSTEN, 

CARBONE, GOLD, MOLYBDENUM, 

(2 Alkalies.) platina, uranium, 

POTASH, SILVER, TELLURIUM, 

SODA, MERCURY, TITANIUM, 

f 10 Earths.) copper, chrome, 

LIME, IRON, OSMIUM, 

MAGNESIA, TIN, IRIDIUM, 

STRONTITES, LEAD, PALLADIUM, 

BARYTES, NICKEL, RHODIUM. 

Caroline. This is, indeed, a formidable list! 

Mrs. B. Not so much as you imagine; many of 
the names you are already acquainted with, and the 
others will soon become familiar to you. But, be- 
fore we proceed farther, it will be necessary to give 
you some idea of chemical attraction, a power on 
which the whole science depends. 

Chemical Attraction, or the Attraction of Compo- 
sition, consists in the peculiar tendency which bo- 
dies of a different nature have to unite with each. 
other. It is by this force that all the compositions, 
and decompositions, are effected. 

Emily. What is the difference between chemical 
attraction, and the attraction of cohesion, or of ag- 
gregation, which you often mentioned to us in 
former conversations ? 

Mrs. B. The attraction of cohesion exists only 
between particles of the same nature, whether sim- 
ple or compound; thus it unites the particles of a 
piece of metal which is a simple substance, and 
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likewise the particles of a loaf of bread which is e 
compound. The attraction of composition, on the 
contrary unites and maintains in a state of combi- 
nation particles of a dissimilar nature ; it is this 
power that forms each of the compound particles 
of which bread consists; and it is by the attraction 
of cohesion that all these particles are connected 
into a single mass. 

Emily. The attraction of cohesion, then, is the 
power which unites the integrant particles of a bo- 
dy ; the attraction of composition that which com- 
bines the constituent particles. Is it not so? 

Mrs. B. Precisely : and observe that the at- 
traction of cohesion unites particles of a similar na- 
ture, without changing their original properties ; 
the result of such an union, therefore, is a body of 
the same kind as the particles of which it is formed; 
whilst the attraction 'of composition, by combining 
particles of a dissimilar nature, produces new bo- 
dies, quite different from any of their constituent 
particles. If, for instance, I pour on the piece of 
copper, contained in this glass, some of this liquid 
(which is called nitric acid) for which it has a strong 
attraction, every particle of the copper will com- 
bine with a particle of acid, and together they will 
form a new body, totally different from either the 
copper or the acid. 

Do you observe the internal commotion that al- 
ready begins to take place ? It is produced by the 
combination of these two substances ; and yet the 
acid has in this case to overcome, not only the re- 
sistance which the strong cohesion of the particles 
of copper oppose to its combination with them, but 
also the weight of the copper which makes it sink 
to the bottom of the glass, and prevents the acid 
from having such free access to it as it would if the 
saetal were suspended in the liquid. 
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Emily. The acid seems, however, to overcome 
both these obstacles without difficulty, and appears 
to be very rapidly dissolving the copper. 

Mrs. B. By this means it reduces the copper in- 
to more minute parts, than could possibly be done 
by any mechanical power. But as the acid can act 
only on the surface of the metal, it will be some 
time before the union of these two bodies will be 
completed. 

You may, however, already see how totally dif- 
ferent this compound is from either of its ingredi- 
ents. It is neither colourless like the acid, nor hard, 
heavy, and yellow, like the copper. If you tasted 
it, you would no longer perceive the sourness of the 
acid. It has at present the appearance of a blue li- 
quid ; but when the union is completed, and the 
water with which the acid is diluted is evaporated, 
it will assume the form of regular crystals, of a fine 
blue colour, and perfectly transparent. Of these I 
can shew you a specimen, as I have prepared some 
for that purpose. 

Caroline. How very beautiful they are, in co- 
lour, form and transparency ? 

Emily. Nothing can be more striking than this 
example of chemical attraction. 

Mrs. B. The term attraBion has been lately in- 
troduced into chemistry as a substitute for the word 
affinity, to which some chemists have objected, be- 
cause it originated in the vague notion that chemical 
combinations depend upon a certain resemblance, or 
relationship, between particles that are disposed to 
unite ; and this idea is not only imperfect, but erro- 
neous, as it is generally particles of the most dissi- 
milar nature, that have the greatest tendency to 
combine. 

Caroline. Besides, there seems to be no advan- 
tage in using a variety of terms to express the same 



meaning; on the contrary it creates confusion; and 
as we are well acquainted with the term attraction 
in natural philosophy, we had better adopt it in 
chemistry likewise. 

Mrs. B. If you have a clear idea of the mean- 
ing, I shall leave you at liberty to express it in the 
terms you prefer. For myself, I confess that I think 
the word attraction best suited to the general law 
that unites the integrant particles of bodies ; and 
affinity better adapted to that which combines the 
constituent particles, as it may convey an idea of the 
preference which some bodies have for others, 
which the term attraction of composition does not so 
well express. 

Emily. So I think ; for though that preference 
may not result from any relationship or similitude, 
between the particles (as you say was once suppo- 
sed), yet, as it really exists, it ought to be express- 
ed 

Mrs. B. Well, let it be agreed that you may 
use the terms affinity chemical attratTion y and attrac- 
tion of composition , indifferently, provided you recol- 
lect that they have all the same meaning. 

Emily. I do not conceive how bodies can be de- 
composed by chemical attraction. That this power 
should be the means of composing them, is very 
obvious ; but how it can at the same time produce 
exactly the contrary effect, appears to me very sin- 
gular. 

Mrs. B. To decompose a body, is, you know 
to separate its constituent parts, which, as we have 
just observed, can never be done by mechanical 
means. 

Emily. No ; because mechanical means separate 
only the integrant particles; they act merely against 
the attraction of cohesion. 
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Mrs. B. The decomposition of a body, there- 
fore, can only be performed by chemical powers. 
If you present to a body composed only of two 
principles, a third, which has a greater affinity for 
one of them than the two first have for each other, 
it will be decomposed, that is, its two principles 
will be separated by means of the third body. Let 
us call two ingredients, of which a body is compo- 
sed, A and B. If we present to it another ingre- 
dient C, which has a greater affinity for B, than 
that which unites A and B, it necessarily follows 
that B will quit A to combine with C. The new 
ingredient, therefore, has effefted a decomposition 
of the original body A B ; A, has been left alone, 
and a new compound, B C, has been formed. 

Emily. ^ We might, I think, use the comparison 
of two friends, who were very happy in each other's 
society, till a third disunited them by the preference 
which one of them gave to the new-comer. 

Mrs. B. Very well, I shall now show you how 
this takes place in chemistry. 

Let us suppose that we wish to decompose the 
compound we have just formed by the combination 
of the two ingredients, copper and nitric acid : we 
may do this by presenting to it a piece, of iron, for 
which the acid has a stronger attraction than for 
copper ; the acid will consequently quit the copper 
to combine with the iron, and the copper will be 
what the chemists call precipitated, that is to say, it 
will return to its separate state, and reappear in its 
simple form. 

In order to produce this effect, I shall dip the 
blade of this knife into the -fluid, and, when I take 
it out, you will observe that instead of being wetted 
with a blueish liquid like that contained in the glass, 
it will be covered with a very thin pellicle of cop- 
per. 



24- 

Caroline. So it is, really ! But then is it not the 
copper instead of the acid, that has combined with 
the iron blade ! 

Mrs. B. No; you are deceived by appearances : 
it is the acid which combines with the iron, and in 
so doing deposites the copper on the surface of the 
blade. 

Emily. But cannot three or more substances 
combine together, without any of them being pre- 
cipitated ? 

Mrs. B. That is sometimes the case; but in ge- 
neral, the stronger affinity destroys the weaker; and 
it seldom happens that the attraction of several sub- 
stances for each other is so equally balanced as to 
produce such complicated compounds. 

It is now time to conclude our conversation for 
this morning. But before we part, I must recom- 
mend you to fix in your memory the names of the 
simple bodies, against our next interview. 



CONVERSATION II. 
On Light and Heat. 



Caroline. 
We have learned by heart the names of all the 
simple bodies, which you have enumerated, and we 
are now ready to enter on the examination of each 
of them successively. You will begin I suppose, 
with light? 



Mrs. B. That will not detain us long : the na- 
ture of light, independent of heat, is so imperfectly 
known, that we have little more than conjectures 
respecting it. 

Emily. But is it possible to separate light from 
heat ; I thought that they were only different de- 
grees of the same thing ? 

Mrs. B. They are certainly very intimately con- 
nected; yet it appears that they are distinct substan- 
ces, as they can, under certain circumstances, be in 
a great measure separated; the most striking in- 
stance of this was pointed out by Dr. Herschel. 

This philosopher discovered that heat was less re- 
frangible than light ; for in separating the different 
coloured rays of light by a prism (as we did some 
time ago), he found that the greatest heat was be- 
yond the spectrum, at a little distance from the red 
rays, which you may recollect are the least refran- 
gible. 

Emily. I should like to try that experiment. 

Mrs. B. It is by no means an easy one : the 
heat of a ray of light, refracted by a prism, is so 
small that it requires a very delicate thermometer to 
distinguish the difference of the degree of heat 
within and without the spectrum. For in this ex- 
periment the heat is not totally separated from the 
light, each coloured ray retaining a certain portion 
of it, though the greatest part is not sufficiently re- 
fracted to fall within the spectrum. 

Emily. I suppose, then, that those coloured rays 
which are the least refrangible, retain the greatest 
quantity of heat ? 

Mrs. B. They do so. 

Caroline. Perhaps the different degrees of heat 
which the seven rays possess, may in some unknown 
manner occasion their variety of colour. I have 
heard that melted metals change colour accord- 



ing to the different degrees of heat to which they 
are exposed ; might not the colours of the spec- 
trum be produced by a cause of the same kind? 
Do let us try if we cannot ascertain this, Mrs. B ? 
I should like extremely to make some discovery in 
chemistry. 

Mrs. B. Had we not better learn first what is 
already known ? Surely you cannot seriously ima- 
gine that, before you have acquired a single clear 
idea on chemistry, you can have any chance of dis- 
covering secrets that have eluded the penetration of 
those who have spent their whole lives in the study 
of that science. 

Caroline. Not much, to be sure, in the regular 
course of events ; but a lucky chance sometimes 
happens. Did not a child lead the way to the dis- 
covery of telescopes ? 

Mrs. B. There are certainly a few instances of 
this kind. But believe me, it is infinitely wiser to 
follow up a pursuit regularly, than to trust to chance 
for your success. 

Emily. But to return to our subject. Though I 
no longer doubt that light and heat can be separa- 
ted, Dr. Herschel's experiment does not appear to 
me to afford sufficient proof that they are essentially 
different •, for light, which you call a simple body, 
may likewise be divided into the various coloured 
rays; is it not therefore possible that heat may only 
be a modification of light ? 

Mrs. B. That is a supposition which, in the pre- 
sent state of natural philosophy, can neither be po- 
sitively affirmed nor denied: it is generally thought 
that light and heat are conne&ed with each other 
as cause and effect, but which is the cause, and 
which the effedl:, it is extremely difficult to deter- 
mine. But it would be useless to detain you any 
longer on this intricate subject. Let us now pass 
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«n to that of heat, with which we are much bet- 
ter acquainted. 

Caroline. Heat is not, I believe, amongst the 
number of the simple bodies ? 

Mrs. B. Yes, it is ; but under another name — 
that of caloric, which is nothing more than the 
principle, or matter of heat. — We suppose caloric 
to be a very subtile fluid, originally derived from, 
the sun, and composed of very minute particles, 
constantly in agitation, and moving in a manner si- 
milar to light, as long as they meet with no obsta- 
cle. But when these rays come in contact with the 
earth, and the various bodies belonging to it, part 
of them are reflected from their surfaces according 
to certain laws, and part enters into them. 

Caroline. These rays of heat, or caloric, pro- 
ceeding from the same source, and following the 
same direction, as the rays of light, bear a very 
strong resemblance to them. 

Mrs. B. So much so that it often requires great 
attention not to confound them. 

Emily. I think there is no danger of that, if we 
recollect one great distinction — light is visible, and 
caloric is not. 

Mrs. B. Very right. Light affects the sense of 
Sight ; Caloric that of Feeling : the one produces 
Vision, the other the peculiar sensation of Heat. 

Caloric is found to exist in a variety of forms, and 
to be susceptible of certain modifications, all of 
which may be comprehended under the four folr 
lowing heads : 

1. FREE CALORIC. 

2. SPECIFIC HEAT. 

3. LATENT HEAT. 

4. CHEMICAL HEAT. 

The first, or free caloric, is also called heat 
of temperature j it comprehends all heat which 
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is perceptible to the senses, and affects the thermo- 
meter. 

Emily. You mean such as the heat of the sun, 
of fire, of candles, of stoves ; in short of every 
?hing that burns ? 

Mrs. B. And likewise of things that do not 
burn, as for instance, the warmth of the body ; in 
•x word, all heat that is sensible, whatever may be 
its degree, or the source from which it is derived. 

Caroline. What then are the other modifications 
of caloric ? It must be a strange kind of heat that 
cannot be perceived by our senses ? 

Airs. B. None of the modifications of caloric 
should properly be called heat ,• for heat strictly 
speaking, is the sensation, produced by caloric, on 
animated bodies, and this word therefore should be 
confined to express the sensation. But custom has 
adapted it likewise to inanimate matter, and we say 
the heat of an oven, the heat of the sun, without any 
reference to the sensation which they are capable of 
exciting. 

It Tvas in order to avoid the confusion which arose 
from thus confounding the cause and effect, that 
modern chemists adopted the new word Caloric, to 
express the principle which produces heat: hut they 
do not yet limit the word heat (as they should do) 
to the expression of the sensation, since they still 
retain the habit of connecting this word with the 
three other modifications of caloric. 

Caroline. But you have not yet explained to us 
what these other modifications of caloric are. 

Mrs. B. Because you are not yet acquainted 
with the properties of free caloric, and you know 
we have agreed to proceed with regularity. 

One of the most remarkable properties of free 
caloric is its power of dilating bodies. This fluid is 
so extremely subtile, that it enters and pervades all 
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bodies whatever, forces itself between their parti- 
cles, and not only separates them, but, by its re- 
pulsive power, drives thern asunder, frequently to 
a considerable distance from each other. It is thus 
that caloric dilates or expands a body so as to make 
it occupy a greater space than it did before. 

Emily. The effect of caloric on bodies therefore, 
is directly contrary to that of the attraction of cohe- 
sion; the one draws the particles together, the other 
drives them asunder. 

Mrs. B. Precisely. There is a kind of continual 
warfare between the attraction of aggregation and 
the repulsive power of caloric -, and from the action 
of these two Opposite forces, result all the various 
forms of matter, or degrees of consistence, from the 
olid, to the liquid and aeriform state. And accor- 
dingly, we find that most bodies are capable of 
passing from one of these forms to the other, mere- 
ly in consequence of their receiving different quan- 
tities of caloric. 

Caroline. That is very curious; but I think I un- 
derstand the reason of it. If a great quantity of ca- 
loric is added to a solid body, it introduces itself 
between the particles in such a manner as to over- 
come in a considerable degree, the attraction of co- 
hesion ; and the body from a solid, is then convert- 
ed into a fluid. 

Mrs. B. This is the case whenever a body is 
melted ; but if you add caloric to a liquid, can you 
tell me what is the consequence ? 

Caroline. The caloric forces itself in greater a- 
bundance between the particles of the fluid, and 
drives them to such a distance from each other, that 
their attraction of aggregation is wholly destroyed j 
the liquid is then transformed into vapour. 

Mrs. B. Very well; and this is precisely the 
case with boiling water, when it is converted into 
steam or vapour. 

c2 



But each of these various states, solid, liquid, and 
aeriforiUj •' imil ot many different degrees of densi- 
ty, or consistence, still arising (partly at least) from 
the ditFerent quantities of caloric the bodies contain. 
Solids are of various degrees of density, from that 
of gold, to that of a thin jelly. Liquids, from the 
consistence of melted glue, or melted metals, to that 
of ether, which, is the lightest of all liquids. The 
different elastic fluids (with which you are not ac- 
quainted) admit of no less variety in their degrees 
of density, 

Emily. But does not every individual body also 
admit of different degrees of consistence, without 
changing its state ? 

Mrs. B. Undoubtedly; and this I can immedi- 
ately show yen by a »very simple experiment. This 
piece of iron now exactly fits the frame or ring, 
made to receive it, but if heated red hot, it will no 
longer do so, for its dimensions will be so much in- 
creased by the caloric that has penetrated into it, 
that it will be much too large for the frame. 

The iron is now red hot ; by applying it to the 
frame, we shall pee' how much k is dilated. 

Emily. Considerably so indeed! I knew that heat 
had this effecf on bodies, but I did not imagine that 
it could be made so conspicuous. 

Mrs. B. By means of this instrument (called a 
Pyrometer) we may estimate, in the most exact 
manner, the various dilatations of any solid body 
by heat. The body we are now going to submit to 
trial is this small iron bar ; I fix it to this apparatus 
{Plate I. Fig. 1.) and then heat it by lighting the 
three lamps beneath it ; when the bar dilates, it in- 

Plate I. 
Fig. i. A A; Bar of metal, i z 3. Larries burning. B B. W'hcei 
work, C. Ii-.dtx. 

. Fi {. 2 : V A A - Glass tuber with boibs. B B. Glasses of water 

in which t>ey are Linmeriid. 
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creases in length as well as thickness ; and, as one 
end communicates with this wheel-work, whilst the 
other end is fixed and immoveable, no sooner does 
it begin to dilate than it presses against the wheel- 
work, and sets in motion the index, which points 
out the degrees of dilatation on the dial-plate. 

Emily. This is indeed a very curious instrument; 
but I do not understand the use of the wheels : 
would it not be more simple, and answer the pur- 
pose equally well, if the bar pressed against the in- 
dex, and put it in motion without the intervention 
of the wheels ? 

Mrs. B. The use of the wheels is merely to 
multiply the motion, and therefore render the effect 
of the caloric more obvious : for if the index moved 
no more than the bar increased in length, its motion 
would scarcely be perceptible : but by means of the 
wheels it moves in a much greater proportion, which 
therefore renders the variations much more conspi- 
cuous. 

By submitting different bodies to the test of the 
pyrometer, it is found that they are far from dila- 
ting in the same proportion. Different metals ex- 
pand in different degrees, and other kinds of solid 
bodies vary still more in this respect. But this 
different susceptibility of dilatation is still more re- 
markable in fluids than in solid bodies, as I shall 
show you. I have here two glass tubes, terminated 
at one end by large bulbs. We shall fill the bulbs, 
the one with spirit of wine, the other with water. 
I have coloured both liquids, that the effect may be 
more conspicuous. The spirit of wine, you see, 
dilates merely by the warmth of my hand as I hold 
the bulb. 

Emily. It certainly dilates, for I see it is rising 
into the tube. But water, it seems, is not so easily 
affected by heat; for no apparent change is produ- 
ced on ir. by the warmth of the hand. 
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Mrs. B. True ; we shall now plunge the bulbs 
into hot water, {Plate I Fig. 2.), and you will see 
both liquids rise in the tubes j but the spirit of wine 
will begin to ascend first. 

Caroline. How rapidly it dilates! Now it has 
nearly reached the top of the tube, though the wa- 
ter has not yet began to rise. 

Emily. The water now begins to dilate. Are 
not these glass tubes, with liquids rising within 
them, very like thermometers ? 

Mrs. B A Thermometer is constructed exactly 
on the same principle, and these tubes require only 
a scale to answer the purpose of thermometers: but 
they would be rather awkward in their dimensions. 
The tubes and bulbs of thermometers, though of 
various sizes, are in general much smaller than 
these ; the tube too is hermetically closed, and the 
air excluded from it. The fluid most generally 
used in thermometers is mercury, commonly called 
quicksilver, the dilatations and contractions of which 
correspond more exactly to the additions, and sub- 
tractions, of caloric, than those of any other fluid. 

Caroline. Yet I have often seen coloured spirit 
of wine used in thermometers. 

Mrs. B. The dilatations and contractions of that 
liquid are not quite so uniform as those of mercury; 
but in cases in which it is not requisite to ascertain 
the temperature with great precision, spirit of wine 
will answer the purpose equally well, and indeed in 
some respects better, as the expansion of the latter 
is greater and therefore more conspicuous. This 
fluid is used likewise in situations and experiments 
in which mercury would be frozen ; for mercury 
becomes a solid body, like a piece of lead or any 
other metal, at a certain degree of cold: but no de- 
gree of cold has ever been known to freeze spirits 
of wine. 



A thermometer therefore consists of a tube with 
a bulb, such as you see here, containing a fluid 
whose degrees of dilatation and contraction are in- 
dicated by a scale to which the tube is fixed. The 
degree which indicates the boiling point, simply 
means that, when the fluid is sufficiently dilated to 
rise to this point, the heat is such, that water ex- 
posed to the same temperature will boil. When, on 
the other hand, the fluid is so much condensed as 
to sink to the freezing point, we know that water 
will freeze at that temperature. The extreme points 
of the scales are not the same in all thermometers, 
nor are the degrees always divided in the same 
manner. In different countries philosophers have 
chosen to adopt different scales and divisions. The 
two thermometers most used are those of Fahren- 
heit, and of Reaumur ; the first is generally pre- 
ferred by the English, the latter by the French. 

Emily. The variety of scale must be very incon- 
venient, and I should think liable to occasion con- 
fusion, when French and English experiments are 
compared. 

Mrs. B. This inconvenience is but very trifling, 
because the different graduations of the scales do not 
affect the principle upon which thermometers are 
constructed. When we know, for instance, that 
Fahrenheit's scale is divided into 212 degrees, in 
which 32° corresponds with the freezing point, and 
212° with the point of boiling water; and that 
Reaumur's is divided only into 80 degrees, in which 
0° denotes the freezing point, and 80° that of boil- 
ing water, it is easy to compare the two scales to- 
gether, and reduce the one into the other. But, 
for greater convenience, thermometers are some- 
times constructed with both these scales, one on ei- 
ther side of the tube ; so that the correspondence 
of the different degrees of the two scales, is thus 
Instantly seen. Here is one of these scales {Plate 
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II. Fig. 3.), by which you can at once perceive that 
each degree of Reaumur's corresponds to 2~ of 
Fahrenheit's division. 

Emily. Are spirits of wine, and mercury, the 
only fluids used in the construction of thermome- 
ters. 

Mrs. B. I believe they are the only liquids now 
in use, though some others, such as linseed oil, 
would make tolerable thermometers ; but for expe- 
riments in which a very quick and delicate test of 
the changes of temperature is required, air thermo- 
meters are sometimes employed. The bulb, in 
these, instead of containing a liquid, is filled only 
with common air, and its dilatations and contractions 
are made sensible, by a small drop of any coloured 
fluid, which is suspended within the tube, and 
moves up and down, according as the air within 
the bulb and tube expands or contracts. But air 
thermometers, however sensible to changes of tem- 
perature, are by no means accurate in their indica- 
tions. 

Emily. A thermometer, then, indicates the ex- 
act quantity of caloric contained either in the at- 
mosphere, or in any budy with which it is in con- 
tact? 

Mrs. B. No : first, because there are other mo- 
difications of caloric which do not affect the ther- 
mometer ; and, secondly, because the temperature 
of a body, as indicated by the thermometer, is on- 
ly relative. When for instance, the thermometer 
remains stationary at the freezing point, we know 
that the atmosphere (or medium in which it is pla- 
ced, whatever it may be) is as cold as freezing wa- 
ter : and when it stands at the boiling point, we 
know that this medium is as hot as boiling water ; 
but we do not know the positive quantity of heat 
contained either in freezing or boiling water, any 
more than we know the real extremes of heat and 
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cold ; and consequently, we cannot determine that 
of the body in which the thermometer is placed. 

Caroline. I do not quite understand this explana- 
tion. 

Airs. B. Let us compare a thermometer to a 
well, in which the water rises to different heights, 
according as it is more or less supplied by the spring 
which feeds it : if the depth of this well be unfa- 
thomable, it must be impossible to know the abso- 
lute quantity of water it contains; yet we can with 
the greatest accuracy measure the number of feet 
the water has risen or fallen in the well at anytime, 
and consequently know the precise quantity of its 
increase or diminution, without having the least 
knowledge of the whole quantity of water it con- 
tains. 

Caroline. Now I comprehend it very well : no- 
thing explains a thing so clearly as a comparison. 

Emily. But will thermometers bear any degree 
of heat ? 

Mrs. B. No ; for if the temperature be much 
above the highest degree marked on the scale of 
the thermometer, the mercury would burst the tube 
in an attempt to ascend. And at any rate, no ther- 
mometer can be applied to temperatures higher than 
the boiling point of the liquid used in its construc- 
tion. In furnaces, or whenever any very high tem- 
perature is to be measured, a pyrometer, invented 
by Wedgewood, is used for that purpose. It is 
made of a certain composition of baked clay, which 
has the peculiar property of contracting by heat, so 
that the degree of contraction of this substance indi- 
cates the temperature to which it has been exposed. 

Emily. But is it possible for a body to contract 
by heat ? I thought that heat dilated all bodies 
whatever. 

Mrs. B. That is, I believe, true. Yet heat 
frequently diminishes the bulk of a body by evapo- 
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rating some of its particles ; thus, if you dry a wet 
sponge before the fire, the heat, though it must, 
according to the general law of nature, dilate the 
particles of the sponge, will very considerably con- 
tract its bulk by evaporating its moisture* 

Caroline. And how do you ascertain the degrees 
of contraction of this pyrometer ? 

Mrs. B. The dimensions of a piece of clay are 
measured by the bore of a graduated conical tube 
in which it is placed ; the more it is contracted by 
the heat, the lower it descends into the narrow part 
of the tube. 

Let us now proceed to examine the other proper- 
ties of free caloric. 

Free caloric always tends to an equilibrium; that 
is to say, when two bodies are of different tempe- 
ratures, the warmer gradually parts with its heat to 
the colder, till they are both brought to the same 
temperature. 

Emily. Is cold then nothing but a negative qua- 
lity, simply implying the absence of heat ? 

Mrs. B. Not the total absence, but a diminu- 
tion of heat ; for we know of no body in which 
some caloric may not be discovered. 

Caroline. But when I lay my hand on this mar- 
ble table. I feel it positively cold, and cannot con- 
ceive that there is any caloric in it. 

Mrs. B. The cold you experience consists in the 
loss of caloric that your hand sustains in an attempt 
to bring its temperature to an equilibrium with the 
marble. If you lay a piece of ice upon it, you will 
find that the contrary effect will take place ; the ice 
will be melted by the heat which it abstracts from 
the marble. 

Caroline. Is it not in this case the air of the 
room, 'which being warmer than the marble, melts 
the ice ? 

Mrs. B. The air certainly acts on the surface 
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exposed to it, but the table melts that part which ^ 
in contact with it. 

Caroline. But why does caloric tend to an equili- 
brium? It cannot be on the same principle as other 
fluids, since it has no weight? 

Mrs. B. Very true, Caroline, that is an excel- 
lent remark. - The tendency cf caloric to an equili- 
brium is best explained by a supposed repulsive force 
of its particles, which having a constant tendency to 
fly from each other, diffuse themselves wherever 
there is a deficiency of that fluid, and thus gradually 
restore an equilibrium of temperature. But it is 
not only bodies which contain a greater proportion 
of caloric that part with it to those that contain less: 
in order to exphin all the*phenomena of heat and 
cold, we must suppose that a mutual exchange of 
caloric takes place between all bodies, of whatever 
temperature, and that the rays of caloric, in passing 
from one body to another, are subject to all the 
laws of reflection and refraction, the same as those 
of light. This theory was first suggested by Profes- 
sor Prevost, of Geneva, and is now, I believe, pret- 
ty generally adopted. Thus you may suppose all 
bodies whatever constantly radiating calorie: those 
that are of the same temperature give out and re- 
ceive equal quantities, so that no change of tempe- 
rature is produced in them; but when one body 
contains more free caloric than another, the ex- 
change is always in favour of the colder body, until 
an equilibrium is effected; this you found to be the 
case when the marble table cooled your hand, and 
again when it melted the ice. 

Caroline. This surprises me extremely: I thought, 
from what you first said, that the hotter bodies, 
alone emitted rays of caloric which were absorbed by 
the colder, for it seems unfair that a hot body- 
should receive any caloric from a cold one, even 
though it should return a greater quantity, 
n 
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Mrs. B. It may at first appear so, but it is no 
more extraordinary than that a candle should send 
forth rays of light to the sun, or that a stone in fal- 
ling should attract the earth, as you know it does 
from the law of gravitation. 

Caroline. Well, Mrs B. since you have all na- 
ture to oppose to me, I believe that I must give up 
the point. But I wish I could see these rays of ca- 
loric, I should then have greater faith in them. 

Mrs. B. Will you give no credit to any sense 
but that of sight? You may feel the rays of caloric 
xvhich you receive from any body of a temperature 
higher than your own; the loss of the caloric you 
part with in return, it is true is not perceptible; 
for as you gain more than you lose, instead of suf- 
fering a diminution, you are really making an ac- 
quisition of caloric. It is therefore only when you 
are parting with it to a body of a lower temperature, 
that you are sensible of the sensation of cold, be- 
cause you then sustain an absolute loss of caloric. 

Emily. And in this case we cannot be sensible 
of the small quantity of heat we receive in exchange 
from the colder body, because it serves only to di- 
minish the loss. 

Mrs. B. Very well, indeed, Emily. Professor 
Piftet, of Geneva, has made some very interesting 
experiments to prove that caloric radiates from all 
bodies whatever, and that these rays may be reflect- 
ed, according to the laws of optics, in the same 
manner as light. I wish I could repeat these expe- 
riments before you, but the difficulty of procuring 
mirrors fit for the purpose puts it out of my power; 
you must therefore be satisfied with an account of 
them, illustrated by this diagram : {Plate III. Fig. 4.) 

Plate III. 

A A. and B B. Concave mirrors fixed on stands C. Heated bul- 
let placed in the focus of the mirror A. D. The thermometer with 
its bulb placed in the focus of the mirror B. 1234. Rays of ca- 
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— He placed an iron bullet, about two inches in di- 
ameter, and heated to a degree not sufficient to ren- 
der it luminous, in the focus of a large metallic mir- 
ror. The rays of heat which fell on this mirror 
were reflected, agreeably to the property of concave 
mirrors, in a parallel direction, so as to fall on a simi- 
lar mirror, which was placed opposite to the first, 
at the distance of about twelve feet ; thence they 
converged to the focus of the second mirror, in 
which the bulb of a thermometer was placed, the 
consequence of which was, that the thermometer 
immediately rose several degrees. 

Emily. But would not the same effect have taken 
place, if the rays of caloric from the heated bullet 
had fallen directly on the thermometer, without the 
assistance of the mirrors ? 

Mrs. B. The effect would in that case have been 
so trifling, at the distance at which the bullet and. 
the thermometer were from each other, as would 
probably have rendered it imperceptible. The mir- 
rors, you know, greatly increase the effect, by col- 
lecting a large quantity of rays into a focus ; but 
their principal use was to prove that the calorific 
emanation was reflected in the same manner as light. 

Caroline. And the result I think was very con- 
clusive. 

Mrs. B. The experiment was afterwards re- 
peated with a wax taper instead of the bullet, with a 
view of separating the light from the caloric. For 
this purpose a transparent plate of glass was interpo- 
sed between the mirrors ; for light you know passes 
with great facility through glass, whilst the trans- 
mission of caloric is considerably impeded by it. It 
was found however, in this experiment, that some 
of the calorific rays passed through the glass toge- 

loric radiating from the bullet and falling on the mirror A. 5678. 
The same rays reflected from the mir or A to mirr r B. 9 10 u J2. 
The same rays reflected by the minor B to the thermometer. 
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tlier with the light, as the thermometer rose a few 
degrees ; but as soon as the glass was removed, and 
a free passage left to the caloric, it rose immediately 
double the number of degrees. 

Emily. This experiment as well as that of Dr. 
llerschell's proves that light and heat may be separa- 
ted ; for in the latter experiment the separation was 
not perfect, any more than in that of Mr. Piclet. 

Caroline. I should like to repeat Mr. Picket's ex- 
periments, with the difference of substituting a 
cold body instead of the hot one, to see whether 
cold would not be reflected as well as heat. 

Mrs. B. That experiment, was proposed to Mr. 
Pi&et by an incredulous philosopher like yourself, 
and he immediately tried it by substituting a piece 
of ice in the place of the heated bullet. 

Caroline. Well, Mrs. B. and what was the result? 

Mrs. B. The thermometer fell considerably. 

Caroline. And does not that prove that cold is 
not merely a negative quality, implying simply an 
inferior degree of heat? The cold must be positive, 
since it is capable of reflection. 

Airs. B. So it at first appeared ; but upon a lit- 
tle consideration it was found that it afforded only 
an additional proof of the refleftion of heat : this 
I shall endeavour to explain to you. 

We suppose that all bodies whatever radiate calo- 
ric} the thermometer used in these experiments 
therefore emits calorific rays in the same manner as 
any other substance. When its temperature is in 
equilibrium with that of the surrounding bodies, it 
receives as much caloric as it parts with, and no 
change of temperature is produced. But when we 
introduce a body of a lower temperature, such as a 
piece of ice, which parts with less, calorie than it re- 
ceives, the consequence is, that its temperature is 
raised, whilst that of the surrounding bodies is pro- 
portionally lowered; and as, from the effect of the 
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mirrors, a more considerable exchange of rays takes 
place between the ice and the thermometer, than 
between these and any of the surrounding bodies, 
the temperature of the thermometer must be more 
lowered than that of any other adjacent object. 

Caroline. I do not perfectly understand your ex- 
planation. 

Mrs. B. This experiment is exactly similar to 
that made with the heated bullet: for, if we consi- 
der the thermometer as the hot body (which it cer- 
tainly is in comparison to the ice), you may then ea- 
sily understand that it is by the loss of the calorific 
rays which the thermometer sends to the ice, and 
not by any cold rays received from it, that the fall 
of the mercury is occasioned ; for the ice, far from 
emitting rays of cold, sends forth rays of caloric, 
which diminish the loss sustained, by the thermo- 
meter. 

Let us say, for instance, that the radiation of the 
thermometer towards the ice is equal to 20, and that 
of the ice towards the thermometer to 10 ; the ex- 
change in favour of the ice is as 20 is to 10, or the 
thermometer absolutely loses 10, whilst the ice gains 
10. 

Caroline. But if the ice actually sends rays of ca- 
loric to the thermometer, must not the latter fall 
still lower when the ice is removed ? 

Mrs.B. No; for the air which will fill the space 
that the ice occupied, being of the same tempera- 
ture as the thermometer, will emit and receive an 
equal quantity of caloric, so that no alteration of 
temperature will be produced. 

Caroline. I must confess that you have explained 
this in so satisfactory a manner that I cannot help 
being convinced that cold has no real claim to the 
rank of a positive being So now we may proceed 
to the other modifications of caloric. 
d 2 
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Mrs. B. We have not yet concluded our obser- 
vations on free caloric. But I shall defer, till our 
next meeting, what I have further to say on this 
subje£l, as I believe it will afford u& ample conver- 
sation for another interview. 



CONVERSATION III. 

Continuation of the SubjeB. 



Mrs. B. 

In our last conversation, we began to examine 
the constant tendency of free caloric to restore an 
equilibrium of temperature. This property, when 
once well understood, affords the explanation of a 
great variety of facts which appeared formerly un- 
accountable. You must observe, in the first place, 
that the effect of this tendency is gradually to bring 
all bodies that are in contact, to the same tempera- 
ture. Thus, the fire which burns in the grate, com- 
municates its heat from one object to another, till 
every part of the room has an equal proportion of it. 

Emily. And yet this book is not so cold as the 
table on which it lies, though both are at an equal 
distance from the fire, and actually in contact with 
each other, so that, according to your theory, they 
should be exactly of the same temperature ? 

Caroline. And the hearth, which is much nearer 
the fire than the carpet, is certainly the colder of 
the two. 

Mrs, B. If you ascertain the temperature of 
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these several bodies by a thermometer (which is a 
much more accurate test than your feeling), you will 
find that it is exactly the same. 

Caroline. But if they are of the same tempera- 
ture, why should the one feel colder than the other? 

Mrs. B. The hearth and the table feel colder 
than the carpet or the book, because the latter are 
not such good conductors of heat as the former. Ca- 
loric finds a more easy passage through marble and 
wood, than through leather and worsted; the two 
former will therefore absorb heat more rapidly from 
your hand, and consequently give it a stronger sen- 
sation of cold than the two latter, although they 
are all of them really of the same temperature. 

Caroline. So, then, the sensation I feel on touch- 
ing a cold body, is in proportion to the rapidity with 
which my hand yields its heat to that body ? 

Mrs. B. Precisely; and, if you lay your hand 
successively on every object in the room, you will 
discover which are good, and which are bad con- 
ductors of heat, by the different degrees of cold you 
feel. But in order to ascertain this point, it is ne- 
cessary that the several substances should be of the 
same temperature, which will not be the case with 
those that are very near the fire, or those that are 
exposed to a current of cold air from a window or 
door. 

Emily. But what is the reason that some bodies 
are better conductors of heat than others ? 

Mrs. B. That is a point not well ascertain- 
ed. It is conjectured that a certain union or adhe- 
rence takes place between the caloric and the parti- 
cles of the body through which it passes. If this 
adherence be strong, the body detains the heat, and 
parts with it slowly and reluctantly; if slight, it pro- 
pagates it freely and rapidly. The conducting power 
of a body is therefore, inversely, as its tendency %o 
unite with caloric. 
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Emily. That is to say, that the best conductors 
are those that have the least affinity for caioric. 

Mrs. B. Yes; but I object to the term affinity 
in this case, because as that word is used to express 
a chemical attraction (which can be destroyed only 
by decomposition), it cannot be applicable to the 
slight and transient union that takes place between 
free caloric and the bodies through which it passes; 
an union which is so weak., that it constantly yields 
to the tendency which caloric has to an equilibrium. 
Now you clearly understand, that the passage of ca- 
loric, through bodies that are good conductors, is 
much more rapid than through those that are bad 
conductors, and that the former both give and re- 
ceive it more quickly, and therefore, in a given time, 
more abundantly, than bad conductors, which makes 
them feel either hotter or colder, though they may 
be in fact, of the same temperature. 
- Caroline. Yes, I understand it now; the table, 
and the book lying upon it, being really of the same 
temperature, would each receive in the same space 
of time, the same quantity of heat from my hand, 
were their conducting powers equal; but as the ta- 
ble is the best conductor of the two, it will absorb 
the heat from my hand more rapidly, and conse- 
quently produce a stronger sensation of cold than 
the book. 

Mrs. B. Very well, my dear; and observe, like- 
wise, that if you were to heat the table and the book 
an equal number of degrees above the temperature 
of your body, the table which before felt the colder, 
would now feel the hotter of the two; for as in the 
first case it took the heat most rapidly from your 
hand, so it will now impart heat most rapidly to it. 
Thus the marble table, which seems to us colder 
than the mahogany one, will prove the hotter of the 
two to the ice; for if it takes heat more rapidly 
from our hands, which are warmer, it will give out 
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heat more rapidly to the ice, which is colder. Do 
you understand the reason of these apparently op- 
posite effects ? 

Emily. Perfectly. A body that is a good con- 
ductor of caloric, affords it a free passage ; so that 
it penetrates through that body more rapidly than, 
through one which is a bad conductor; and, conse- 
quently, if it is colder than your hand, you lose 
more caloric, and if it is hotter, you gain more than 
with a bad conductor of the same temperature. 

Mrs. B. But you must observe that this is the 
case only when the conductors are either hotter or 
colder than your hand; for, if you heat different 
conductors to the temperature of your body, they 
will all feel equally warm, since the exchange of ra- 
diation between bodies of the same temperature is 
equal. Now, can you tell me why flannel clothing, 
which is a very bad conductor of heat, prevents our 
feeling cold ? 

Caroline. It prevents the cold from penetrating. 

Mrs. B. But you forget that cold is only a ne- 
gative quality. 

Caroline. True; it only prevents the heat of our 
bodies from escaping so rapidly as it would other- 
wise do. 

Mrs. B. Now you have explained it right: the 
flannel rather keeps in the heat, than keeps out the 
cold. Were the atmosphere of a higher tempera- 
ture than our bodies, it would be equally efficacious 
in preserving them of an»uniform temperature, as 
it would prevent the free access of the external heat, 
by the difficulty with which it conducts it. 

Emily. This, I think, is very clear. Heat, whe- 
ther external or internal, cannot easily penetrate 
flannel ; therefore in cold weather it keeps us warm; 
and if the weather was hotter thaa our bodies, is 
would keep us cool. 
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-Mrs. B. For the same reason, glass windows, 
which are very bad conductors of heat, keep a room 
warm in winter and cool in summer, provided the 
sun does not shine upon them. The most dense 
bodies are, generally speaking, the best conductors 
of heat. At the temperature of the atmosphere a 
piece of metal will feel much colder than a piece of 
wood, and the latter than a piece of woollen cloth : 
this again will feel colder than flannel; and down, 
which is one of the lightest, is at the same time, 
one of the warmest bodies. 

Caroline. This is, I suppose, the reason that the 
plumage of birds preserves them so effectually from 
the influence of cold in winter? 

Mrs. B. Yes ; but though feathers in general 
are an excellent preservative against cold, down is a 
kind of plumage peculiar to aquatic birds, and co- 
vers their chest, which is the part exposed to the 
water; for though the surface of the water is not 
of a lower temperature than the atmosphere, yet, 
as it is a better conductor of heat, it feels much 
colder, consequently the chest of the bird requires 
a warmer covering than any other part of its body. 

Most animal substances, especially those which 
Providence has assigned as a covering for animals, 
such as fur, wool, hair, skin, &c. are bad conduc- 
tors of heat, and are, on that account, such excel- 
lent preservatives against the inclemency of winter, 
that our warmest apparel is made of these materials. 

In fluids of different densities, the power of con- 
ducting heat varies no less remarkably; if you dip 
your hand into this vessel full of mercury, you will 
scarcely conceive that its temperature is not lower 
than that of the atmosphere. 

Caroline. Indeed I can hardly believe it, it feels 
so extremely cold — But we may easily ascertain its 
true temperature by the thermometer. — It is really 
not colder than the air ; — the apparent difference 
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then is produced merely by the difference of the 
conducting power in mercury and in air? 

Mrs. B. Yes; hence you may judge how little 
the sense of feeling is to be relied on as a test of 
the temperature of bodies, and how necessary a 
thermometer is for that purpose. 

But I must not forget to tell you, that it has been 
doubted whether fluids have the power of conducting 
caloric in the same manner as solid bodies. Count 
Rumford a very few years since, attempted to prove, 
by a variety of experiments, that fluids, when at 
rest, were not at all endowed with this property. 

Caroline. How is that possible, since they are 
capable of imparting cold or heat to us ; for if they 
did not conduct heat, they would neither take it 
from, nor give it to us ? 

Mrs. B. Count Rumford did not mean to say 
that fluids do not -communicate their heat to -solid 
bodies; but only that heat does not pervade fluids, 
that is to say, is not transmitted from one particle 
of a fluid to another, in the same manner as in solid 
bodies. 

Emily. But when you heat a vessel of water over 
the fire, if the particles of water do not communi- 
cate heat to each other, how does the water become 
hot throughout ? 

Airs. B. By constant agitation. Water as you 
have seen, expands by heat in the same manner as 
solid bodies ; the heated particles of water there- 
fore, at the bottom of the vessel, become specifical- 
ly lighter than the rest of the liquid, and conse- 
quently ascend to the surface, where, parting with 
some of their heat to the colder atmosphere, they 
are condensed, and give way to a fresh succession o f 
heated particles ascending from the bottom, which 
having thrown off their heat at the surface, are in 
their turn displaced. Thus every particle is succes- 
sively heated at the bottom, and cooled at the sur- 
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face of the liquid; but as the fire communicates 
heat more rapidly than the atmosphere cools the 
succession of surfaces, the whole of the liquid in 
time becomes heated. 

Caroline. This accounts most ingeniously for the 
propagation of heat upwards. But suppose you were 
to heat the upper surface of a liquid, the particles 
being specifically lighter than those below, could 
not descend: how therefore would the heat be com- 
municated downwards. 

Mrs. B. Count Rumford assures us, that if there 
was no agitation to force the heated surface down- 
wards, the heat would not descend. In proof of 
this, he succeeded in making the upper surface of 
a vessel of water boil and evaporate, while a cake 
of ice remained frozen at the bottom. 

Caroline. That is very extraordinary indeed! 

Mrs. B. It appears so, because we are not ac- 
customed to heat liquids by their upper surface, but 
you will understand this theory better if I show you 
the internal motion that takes place in liquids when 
they experience a- change of temperature. The 
motion of the liquid itself is indeed invisible from 
the extreme minuteness of its particles; but if you 
mix with it any coloured dust, or powder, of nearly 
the same specific gravity as the liquid, you may 
judge of the internal motion of the latter by that 
of the coloured dust it contains. Do you see the 
small pieces of amber moving about in the liquid 
contained in this phial ? 

Caroline. Yes, perfectly. 

Mrs. B. We shall now immerse the phial in a 
glass of hot water, and the motion of the liquid 
will be shown, by that which it communicates to 
the amber. 

Emily. I see two currents, the one rising along 
the sides of the phial, the other descending in the 
centre \ but I do not understand the reason of this. 
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Mrs. B. The hot water communicates its calci- 
ne, through the medium of the phial, to the par- 
ticles of the fluid nearest to the glass; these dilate 
and ascend laterally to the surface," where, in part- 
ing with their heat, they are condensed, and in de- 
scending, form the central current. 

Caroline. This is indeed a very clear and satis- 
factory experiment; but how much slower the cur- 
rents now move than they did at first? 

Mrs. B. It is because the circulation of particles 
has nearly produced an equilibrium of temperature 
between the liquid in the glass and that in the phial. 

Caroline. But these communicate laterally, and I 
thought that heat in liquids could be propagated on- 
ly upwards? 

Mrs. B. You do not take notice that the heat 
is imparted from one liquid to the other, through 
the medium of the phial itself, the external surface 
of which receives the heat from the water in the 
glass, whilst its internal surface transmits it to the 
liquid it contains. Now take the phial cut of the 
hot water, and observe the effects of its cooling. 

Emily. The currents are reversed^ the external 
current now descends, and the internal one rises.— 
I guess the reason of this change:— the phial being 
in contact with cold air instead of hot water, the 
external particles are cooled instead of being heat- 
ed; they therefore descend and force up the central 
particles, which being warmer are consequently 
lighter. 

Mrs. B. It is just so. Count Rumford infers 
from hence, that no alteration of temperature can 
take place in a fluid, without an internal motion of 
its particles; and as this motion is produced only by 
the comparative levity of the heated, particles, heat 
cannot be propagated downwards. 

This theory explains the reason of the cold that 
is found to prevail at the bottom of the lakes in 
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Switzerland, which are fed by rivers issuing from 
the snowy Alps. The water of these rivers being 
colder, and therefore more dense than that of the 
lakes, subsides to the bottom, where it cannot be 
affected by the warmer temperature of the surface; 
the motion of the waves may communicate this 
temperature to some little depth but it can descend 
no further than the agitation extends. 

Emily. But when the atmosphere is colder than 
the lake, the colder surface of the water will de- 
scend for the very reason that the warmer will not? 

Mrs. B. Certainly ; and it is on this account 
that neither a lake nor any body of water whatever, 
can be frozen until every particle of the water has 
risen to the surface to give off its caloric to the cold- 
er atmosphere; therefore the deeper a body of wa- 
ter is, the longer will be the time it requires to be 
frozen. 

Emily. But if the temperature of the whole bo- 
■dy of water is brought down to the freezing point, 
why is only the surface frozen ? 

Mrs. B. The temperature of the whole body is 
lowered, but not to the freezing point. The dimi- 
nution of heat as you know, produces a contraction 
in the bulk of fluids, as well as of solids. This ef- 
fect, however does not take place in water below 
the temperature of forty degrees, which is eight de- 
grees above the freezing point. At that tempera- 
ture, therefore, the internal motion, occasioned by 
the increased specific gravity of the condensed par- 
ticles, ceases; for when the water at the surface no 
longer condenses, it will no longer descend, and 
leave a fresh surface exposed to the atmosphere : 
this surface alone, therefore, will be further expo- 
sed to its severity, and will soon be brought down 
to the freezing point, when it becomes ice, which 
being a bad conductor of heat, preserves the water 
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beneath a long time from being affixed by the ex- 
ternal cold. ] 

Caroline. And the sea does not freeze, I suppose, 
because its depth is so great, that a frost never lasts 
long enough to bring down the temperature of such 
a great body of water to forty degrees ? 
m Mrs. B. No, that is not the case; for salt water 
is an exception to this law, as it condenses even ma- 
ny degrees below the freezing point. When the 
caloric of fresh water therefore is imprisoned by the 
ice, the ocean still continues throwing off heat into 
the atmosphere, which is a most signal dispensation 
of 1 rovidence to moderate the intensity of the cold 
in winter. 

Emily. I admire this theory extremely;* but al- 
low me to ask you one more question relative to it. 
You said that when water was heated over the fire 
the particles at the bottom of the vessel ascended as 
soon as heated, in consequence of their specific le- 
vity : why does not the same efFea continue when 
the water boils, and is converted into steam? and 
why does the steam rise from the surface instead of 
the bottom of the liquid ? 

Mrs. B. The steam or vapour does ascend from 
the bottom, though it seems to arise from the sur- 
face of the liquid. We shall boil some water in 
this Florence flask ; (Plate IV. Fig. 5.) you will then 
see through the glass, that the vapour rises in bub- 

Plate IV. 

Fig. 5. Bo'iling water in a flask over a patent lamp. 

Fig. 6. Ether evaporated and water frozen in the air pump. A. 
A phial of ether. B. Glass vessel containing water. C C. Ther- 
mometers, one in the ether, the other in the water. 

* This theory of the non-condufting power of fluids, notwith- 
standing all its plausibility, has been found, by a variety of subse- 
quent experiments, to have been carried by Count Rummrd rather 
too far; and it is nmv generally admitted that fluids are not entirely 
destitute of conduaibili^y, though they propagate heat chiefly by mo- 
tion, in the manner jus; explained, and possess the conduftine power 
but in a very imperfect degree. ' ■ 



bles from the bottom. We shall make it boil by 
means of a lamp, which is more convenient for this 

purpose than the chimney fire ■ 

Emily. I see some small bubbles ascend, and a 
great many appear all over the inside of the flask •, 
does the water begin to boil already ? 

Mrs. B. No •, what you now see are bubbles oi 
air, which were either enclosed in the water, or 
attached to the inner surface of the flask, and which, 
Deing rarefied by the heat, ascend in the water. 

Emily. But the heat which rarefies the air enclo- 
sed in the water, must rarefy the water at the same 
time ; therefore, if it could remain stationary in the 
water when both were cold, I do not understand 
why it should not when both are equally heated ? 

Mrs. B. Air being much less dense than water, 
is more easily rarefied ■, the former therefore ex- 
pands to a great extent, whilst the latter continues 
to occupy nearly the same space ; for water dilates 
comparatively but very little without changing its 
state and becoming vapour. Nt>w that the water in 
the flask begins to boil, observe what large bubbles 
rise from the bottom of it. 

Emily. I see them perfeftly; but I wonder that 
they have sufficient power to force themselves through 
the water. 

Caroline. They must rise, you know, from their 

specific levity. 

Mrs. B. You are right, Caroline •, but vapour 
has not in all liquids (when brought to the degree 
of vaporisation) *the power of overcoming the pres- 
sure of the less heated surface. Metals for instance, 
evaporate only from the surface; therefore no va- 
pour will ascend from them till the degree of heat 
which is necessary to form it has reached the sur- 
face-, that is to say till the whole of the liquid is 
brought to the boiling point. This is the case with 
all metals, mercury alone excepted. 



Bmily, I have observed that steam, immediately 
issuing from the spout of a tea-kettle, is less visible 
than at a further distance from it ; yet it must be 
more dense when it first evaporates than when it 
begins to diffuse itself in the air. 

Mrs. B. Your objection is a very natural one ; 
and in order to answer it, it will be necessary for 
me t© enter into some explanation respecting the 
nature of solution. Solution takes place whenever 
a Wody is melted in a fluid. In this operation the 
body is reduced to such a minute state of division 
by the fluid, as to become invisible in it, and to par- 
take of its fluidity: but this happens without any 
decomposition, the body being only divided into it's 
integrant particles by the fluid in which it is melted. 
Caroline. It is then a mode of destroying the at- 
traction of aggregation. 

Mrs. B. Undoubtedly.— The two principal sol- 
vent fluids are water and caloric. You may have 
observed that if you melt salt in water, it totally 
disappears, and the water remains clear and transpa- 
rent as before ; yet though the union of these two 
bodies appears so perfect, it is not produced by any 
chemical combination ; both the salt and the water 
remain unchanged; and if you were to separate them, 
by evaporating the latter, you would find the salt 
in the same state as before. 

Emily. I suppose that water is a solvent for solid 
bodies, and caloric for liquids ? * 

Mrs. B. Liquids of course can only be convert- 
ed into vapour by caloric. But the solvent power 
of this agent is not at all confined to that class of 
bodies; a great variety of solid substances are dis- 
solved by heat: thus metals, which are insoluble in 
water, can be dissolved by intense heat, being first 
fused or converted into a liquid, and then rarefied 
into an invisible vapour. Many other bodies, such 
as selts, gums, Set. yield to either of these solvents. 
E 2 



Cavcilnc. And that, no doubt, is the reason why 
hot water will melt them so much better than cold 
Water ? 

Mrs. B. It is so. Caloric may indeed be consi- 
dered as having, in every instance, some share in 
the solution of a body by water, since all water, 
however low its temperature may be, always con- 
tains more or less caloric. 

Emily. Then perhaps water owes its solvent pow- 
er merely to the caloric it contains ? 

Mrs. B. That probably would be carrying the 
speculation too far; I should rather think that wa- 
ter and caloric unite their efforts to dissolve a body, 
and that the difficulty or facility of effecting this, 
depend both on the degree of attraction of aggre- 
gation to be overcome, and on the arrangement of 
the particles which are more or less disposed to be 
divided and penetrated by the solvent. 

Emily. But have not all liquids the same solvent 
power as water ? 

Mrs. B. The solvent power of other liquids va- 
ries according to their nature, and that of the sub- 
stance submitted to their action. Most of these sol- 
vents, indeed, differ essentially from water, as they 
do not merely separate the integrant particles of the 
bodies which they dissolve, but attack their consti- 
tuent principles by the power of chemical attraction, 
thus producing a true decomposition. These more 
complicated operations, which may be distinguished 
bv the name of chemical solutions •, we must consider 
in another place, and confine our attention at pre- 
sent to the simple solutions by water and caloric. 

Caroline. But there are a variety of substances 
which, when dissolved in water, make it thick and 
muddy, and destroy its transparency. 

Mrs. B. In this case it is not a solution, but sim- 
ply a mixture. I shall show you the difference be- 
;wcen a solution and a mixture, by putting some 
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common salt into one glass of water, and some pow- 
der of chalk into anorher; both these substances are 
white, but their effect on the water will be very dif- 
ferent. 

Caroline. Very different indeed ! The salt entire- 
ly disappears and leaves the water transparent, whilst 
the chalk changes it into an opake liquid like milk. 

Emily. And would lumps of chalk and salt pro- 
duce similar effects on water ? 

Mrs. B. Yes, but not so rapidly •, salt is indeed 
soon melted though in a lump, but chalk which 
does not mix so readily with water, would require 
a much greater length of time; I therefore prefer- 
red showing you the experiment with both substan- 
ces reduced to powder, which does not in any res- 
pect alter their nature, but facilitates the operation 
merely by presenting a greater quantity of surface 
to the water. 

I must not forget to mention a very curious cir- 
cumstance respecting solutions, which is, that a fluid 
is not increased in bulk by holding a body in solu- 
tion. 

Caroline. That seems impossible-, for two bodies 
cannot exist together in the same space. 

Airs. B. That is true, my dear; but two bodies 
may, by condensation, occupy the same space which 
one of them filled before. It is supposed that there 
are pores or interstices, in which the salt lodges, be- 
tween the minute particles of the water. And these 
spaces are so small that the body to be dissolved 
must be divided into very minute particles in order 
to be conrained in them; and it is this state of very 
great division that renders them invisible. 

Caroline. I can try this experiment immediately. 
— It is exactly so — the water in this glass, which I 
filled to the brim, is melting a considerable quantity 
of salt without overflowing. I shall try to add a 
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little more. — But now, you see, Mrs. B. the water 
runs over. 

Airs B. Yes; but observe that the last quanti- 
ty of salt you put in remains solid at the bottom, 
and displaces the water; for it has already melted 
all the salt it is capable of holding in solution. This 
is called the point of saturation; and the water is 
now said to be saturated with salt. 

Emily. This happens, I suppose, when the inter- 
stices between the particles of the liquid are com- 
pletely filled ? 

Mrs. B. Probably. But these remarks, you must 
observe do not apply to a mixture; for any substance 
which does not dissolve, increases the bulk of the li- 
quid. 

Emily. I think I now understand the solution of 
a solid body by water perfectly: but I have not so 
clear an idea of the solution of a liquid by caloric. 

Airs. B. It is precisely of the same nature ; but 
as caloric is an invisible fluid, its action as a solvent 
is not so obvious as that of water. Caloric dissolves 
water, and converts it into vapour by the same pro- 
cess as water dissolves salt; that is to say, the parti- 
cles of water are so minutely divided by the caloric 
as to become invisible. Thus, you are now enabled 
to understand why the vapour of boiling water, 
when it. first issues from the spout of a kettle, is in- 
visible ; it is so, because it is then completely dissol- 
ved by caloric. But the air with which it comes in 
contact, being much colder than the vapour, the 
latter yields to it a quantity of its caloric The par- 
ticles of vapour being thus in a great measure de- 
prived of their solvent, gradually collect and become 
visible in the form of steam, which is water in a 
state of imperfect solution; and if you were further 
to deprive it of its caloric, it would return to its 
original liquid state. 

Caroline. That I understand very well ; but in 
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what state is the steam, when it again becomes in- 
visible by being diffused ir> the air? 

Mrs. B. It is carried off and again dissolved by 
the air. 

- Emily. The air then has a solvent power, like 
water and caloric ? 

Mrs. B. Its solvent power proceeds chiefly, if 
not entirely, from the caloric contained in it, the 
atmosphere acting only as a vehicle. Sometimes 
the watery vapour diffused in the atmosphere is but 
imperfectly dissolved, as is the case in the formation 
of clouds and fogs; but if it gets into a region of 
air sufficiently warm, it becomes perfectly invisible. 

Emily. Does the air ever dissolve water, without 
its being previously converted into vapour by boil- 
ing ? 

Mrs. B. Yes, it does. Water when heated to 
the boiling point, can no longer exist in the form 
of water, and must necessarily be converted into 
vapour, whatever may be the state and temperature 
of the surrounding medium-, but the air (by means 
probably of the calorie it contains) can take up a 
certain portion of water at any temperature, and 
hold it in a state of solution Thus the atmosphere 
is continually carrying off moisture from the earth, 
until it is saturated with it. 

The tendency of free caloric to an equilibrium, 
together with its solvent power, are likewise con- 
nected with the phenomena of rain, of dew, &c. 
When a cloud of a certain temperature happens to 
pass through a colder region of the atmosphere, it 
parts with a portion of its heat to the surrounding 
air; the quantity of caloric therefore, which served 
to keep the cloud in a state of vapour, being dimi- 
nished, the watery particles approach each other, 
and form themselves into drops of water, which be- 
ing heavier than the atmosphere, descend to the 
earth. There are also other circumstances, and par.- 
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ticularly the variation in the weight of the atmos- 
phere, which may contribute to the formation of 
rain. This howeyer, is an intricate subject, into 
which we cannot more fully enter at present. 

Emily. But in what manner do you account for 
the formation of clew ? 

Mrs. B. During the heat of the day the air is 
able to retain a greater quantity of vapour in a state 
of solution, than either in the morning or evening. 
As soon, therefore, as a diminution of heat takes 
place towards sun-set, a quantity of vapour is con- 
densed, and falls to the ground in form of dew. 
The morning dew, on the contrary, rises from the 
earth ; but when the sun has emitted a sufficient 
quantity of caloric to dissolve it, it becomes invisi- 
ble in the atmosphere. When once the dew, or any 
liquid whatever, is perfectly dissolved by the air, it 
occasions no humidity; it is only when in a state of 
imperfect solution, and floating in the form of wa- 
tery vapour in the atmosphere, that it produces 
dampness. 

Caroline. I have often observed, Mrs. B. that 
when I walk out in frosty weather, with a veil over 
my face, my breath freezes upon it. Pray what is 
the reason of that ? 

Mrs. B. It is because the cold air immediately 
seizes on the caloric of your breath, and reduces it, 
by robbing it of its solvent, to a denser fluid, which 
is the watery vapour that settles on your veil, and 
there it continues parting with its -caloric till it is 
brought down to the temperature of the atmosphere, 
and assumes the form of ice. 

You may, perhaps, have observed that the breath 
of animals, or rather the moisture contained in it, 
is visible during a frost, but not in warm weather.* 



* Unless in very d imp weather, when the atmosphere is aJready 
saturated with moisture. 
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In the latter case, the air is capable of retaining it 
in a state of solution, whilst in the former, the cold 
condenses it into visible vapour ; and for the same 
reason, the steam arising from water that is warmer 
than the atmosphere, is visible. Have you never 
taken notice of the vapour rising from your hands 
after having dipped them into warm water ? 

Caroline. Often, especially in frosty weather. 

Mrs. B. When a bottle of wine is taken fresh 
from the cellar (in summer particularly), it will soon 
be covered with dew, and even the glasses into which 
the wine is poured will be moistened with a similar 
vapour. Let me hear if you can account for this ? 

Emily. The bottle is colder than the surround- 
ing air, therefore it must absorb caloric from it ; 
and the moisture which that air held in solution 
must become visible, and form the dew which is de- 
posited on the bottle. 

Mrs. B. Very well, Emily. Now, Caroline, can 
you tell me why, in a warm room, or close carriage, 
the contrary effect takes place; that is to say, that 
the inside of the windows are covered with vapour? 

Caroline. I have heard that it proceeds from the. 
breath of those within the carriage; and I suppose 
it is occasioned by the windows which, being cold- 
er than the breath, deprive it of part of its caloric, 
and by this means convert it into watery vapour. 

Mrs. B. Very well, my dear : I am extremely 
glad to find that you both understand the subject so 
well. 

We have already observed that pressure is an ob- 
stacle to evaporation: there are liquids that contain 
so great a quantity of caloric, and whose particles 
consequently adhere so slightly together, that they 
may be converted into vapour without any elevation 
of temperature, merely by taking off the weight of 
the atmosphere. In such liquids, you perceive, it 
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is the pressure of the atmosphere alone that connect 
their particles and keeps them in a liquid state. 

Caroline. I do not well understand why the par- 
ticles of such fluids should be disunited and con- 
verted into vapour, without any addition of heat, 
in spite of the attraction of cohesion ? 

Mrs. B. It is because the quantity of caloric 
which enters into the formation of these fluids is 
sufficient to overcome their attraction of cohesion. 
Ether is of this description; it will boil and be con- 
verted into vapour, without any application of heat, 
if the pressure of the atmosphere be taken off. 

Emily. I thought that ether would evaporate 
without either taking away the pressure of the at- 
mosphere, or applying heat, and that it was for that 
reason so necessary to keep it carefully corked up. 

Mrs. B. That is true; but in this case it will 
evaporate but very slowly. I am going to show you 
how suddenly the ether in this phial will be con- 
verted into vapour, by means of the air-pump. — 
Observe with what rapidity the bubbles ascend, as I 
take off the pressure of the atmosphere. 

Caroline. It positively boils: how singular to see 
a liquid boil without heat ! 

Mrs. B. Now I shall place the phial of ether in 
this glass, which it nearly fits, so as to leave only a 
small space, which I fill with water ; and in this 
state I put it again under the receiver. (Plate IV. 
Fig. 6.)* — You will observe, as I exhaust the air 
from it, that whilst the ether boils, the water freezes. 

* Two pieces of tllin glass tubes, sealed at one end, might answer 
this purpose better. The experiment, however, as here described, is 
difficult, <md requires a very nice apparatus. But if instead of phials 
or tubes, two watch glasses be used, water may be frozen al'nost in- 
rtautly in tbe same manner. The two glasses are placed over one 
an Jther, wkh a few diops of water interp sed between them, and the 
uppermost glass is filled with ether. After working the pump for a 
minute or two, the glasses arc found to adhere strongly together, and 
■n thin layer of ice is seen between them. 
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Caroline. It is indeed wonderful to see wa 
freeze by means of a boiling fluid ! 

Emily, There is another circumstance which I 
am unable to account for. How can the ether 
change to a state of vapour, without an addition of 
caloric; for it must contain more caloric in a state 
of vapour, than in a state of liquidity; and though 
you say that it is the pressure of the atmosphere 
which condenses it into a liquid, it must be, I sup- 
pose, by forcing out part of the caloric that belongs 
to it when in an aeriform state ? 

Mrs. B. You are right. Ether, in a liquid state, 
does not contain a sufficient quantity of caloric to 
become vapour. I have therefore, two difficulties 
to explain; first, from whence the ether obtains the 
calorie necessary to convert it into vapour when it is 
relieved from the pressure of the atmosphere; and, 
secondly, what is the reason that the water, in which 
the bottle of ether stands, is frozen ? 

Caroline. Now I think, I can answer both these 
questions. The ether obtains the addition of caloric 
required from the water in the glass ; and the loss 
of caloric, which the latter sustains, is the occasion 
of its freezing. 

Mrs. B You are perfectly right ; and if you 
look at the thermometer which I have placed in the 
water, whilst I am working the pump, you will see 
that every time bubbles of vapour are produced, the 
mercury descends ; which proves that the heat of 
the water diminishes in proportion as the ether boils. 
Emily. This I understand now very well ; but if 
the water freezes in consequence of yielding its ca- 
loric to the ether, the equilibrium of heat must in 
this case, be totally destroyed. Yet you have told 
us, that bodies of a different temperature are always 
communicating their heat to each other, tiil it be- 
comes every where equal; and besides, I do not see 
why the water though originally of the same tem- 
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perature as the ether, gives out caloric to it, till the 
water is frozen and the ether made to boil. 

Alts. B. I suspected th.it you would make these 
objections; and in order to remove them, I enclosed 
two thermometers in the air-pump ; one of which 
stands in the glass of water, the other m the phial 
of ether; and you may.cee that the equilibrium of 
temperature is not destroyed ; for as the therm 
ter descends in the water, that in the ether sinks in 
the same manner: so that both thermometers indi- 
cate the same temperature, though one of them is 
in a boiling, the other in a freezing liq> 

Emily. The ether then becomes colder as it h ils? 
This is so contrary to common experience, that I 
confess it astonishes me exceedingly. 

Caroline. It is, indeed, a most extraordinary cir- 
cumstance. But pray how do you account for it? 

Mrs. B. I cannot satisfy your curiosity at pre- 
sent; for before we can attempt to explain this ap- 
parent paradox, we must become acquainted with 
the subject of latent heat; and that, I think, we 
must defer till our next interview. 

Caroline. I believe, Mrs. B that you are glad to 
put off the explanation; for it must be a very diffi- 
cult point to account for. 

Mrs. B. I hope, however, that I shall do it to 
your complete satisfaction. 

Emily. But before we part, give me leave to ask 
you one question. Would not water, as well as 
ether, boil with less heat, if the pressure of the at- 
mosphere were taken off? 

Mrs. B. Undoubtedly. You must always recoi- 
led!: that there are two forces to overcome, in order 
to make a liquid boil, or evaporate ; the attraction 
of aggregation, and the weight of the atmosphere. 
On the summit of a high mountain (as Mr. DeSaus- 
sure ascertained on Mount Blanc) less heat is requi- 
red to make water boil than in the plain, where the 
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weight of the atmosphere is greater. — Bat I Cau 
show you a very pretty experiment, which proves the 
effect of the pressure of the atmosphere in this res- 
pect. 

Observe, that this Florence flask is about half full 
of water, and the upper half of invisible vapour, 
the water being in the act of boiling — I take it from 
the lamp and cork it carefully — the water, you see, 
immediately ceases boiling. — I shall now wrap a cold 
wet cloth round the upper part of the flask*- > 

Caroline. But look, Mrs B. the water begins to 
boil again, although the wet cloth must rob it more 
and more of its caloric! What can be the reason of 
that ? 

Mrs. B. Let us examine its' temperature. You 
see the thermometer immersed in it remains station- 
ary at 180 degrees, which is about 30 degrees below 
the boiling point. When I took the flask from tha 
lamp, I observed to you that the upper part of it 
was filled with vapour; this being compelled to yield 
its caloric to the wet cloth, was again converted into ' 
water — What then filled the upper part of the flask? 

Emily. Nothing; for it was too well corked for 
the air to gain admittance, and therefore the upper 
part of the flask must be a vacuum. 

Mrs. B. If the upper part of the flask be a va- 
cuum, the water below no longer sustains the pres- 
sure of the atmosphere, and will therefore boil at a 
much lower temperature. Thus, you see, though 
it had lost many degrees of heat, it began boiling 
again the instant the vacuum was formed above it. 
The boiling has now ceased: if it had been ether, 
instead of water, it would have continued boiling- 
much longer ; but water being a more dense fluid, 

* O, the whole flask m y be dipped in a bason of cold water. In. 
order to bhow how much the wate* cools whilst it is boiling, a ther- 
mometer, graduated on the tube Use f, may be introduced into the 
through the cork. 



"equires a more considerable quantity of caloric to 
make it evaporate, even when the pressure of th£ 
atmosphere is removed. 

Emily. But if the pressure of the atmosphere 
keeps the particles of ether together, why does it 
evaporate when exposed to the air ? Nay, does not 
even water, the particles of which adhere so strong- 
ly together, slowly evaporate in the atmosphere? 

Airs. B. I have already told you that air has the 
power of keeping a certain quantity of vapour in so- 
lution at any known temperature ; and being con- 
stantly in a state of motion, and incessantly renew- 
ing itself on the surface of the liquid, it skims off, 
and gradually dissolves, new quantities of vapour. 
Water also has the power of absorbing a certain, 
quantity of air, so that their action on each other i& 
reciprocal; the air thus enclosed in water is that 
which you see evaporate in bubbles when water is 
heated previous to its boiling. 

Emily. What proportion of vapour can air con- 
tain in a state of solution ? 

Mrs. B. I do not know whether it has been ex- 
actly ascertained by experiment; but at any rate this 
proportion must vary, both according to the tempe- 
rature and the weight of the atmosphere; for the 
lower the temperature, and the greater the pressure, 
the smaller must be the proportion of vapour that 
air can contain in a state of solution. But we have 
dwelt so long on the subject of free caloric, that 
we must reserve the other modifications of that fluid 
to our next meeting, whea we shall endeavour t-a 
proceed more rapidly. 
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CONVERSATION IF. 
Oh Specific Heat, Latent Heat, and Chemical Heat. 



Mrs. B. 

We are now to examine the three other modifi- 
cations of caloric. 

Caroline. I am very curious to know of what na- 
ture they can be; for I have no notion of any kind 
of heat that is not perceptible to the senses. 

Mrs. B. In order to enable you to understand 
them, it will be necessary to enter into some pre- 
vious explanations. 

It has been discovered by modern chemists, that 
bodies of a different nature, heated to the same 
temperature, do not contain the same quantity of 
caloric. 

Caroline. How could that be ascertained ? 
Mrs. B. It was found that, in order to raise the 
temperature of different bodies the same number of 
degrees, different quantities of calorie were required 
for each of them. If, for instance, you place a 
pound of lead, a pound of chalk, and a pound of 
milk, in a hot oven, they will be gradually heated 
to the temperature of the oven; but the lead will 
attain it first, the chalk next, and the milk last. 

Emily. As they were all of the same weight, and 
exposed to the same heat, I should have thought 
that they would have attained the temperature of 
the oven at the same timet 
*2 



Caroline. And how is it that they do not '. 

Mrs. B. It is supposed to be on account of the 
different capacity of these bodies for caloric. 

Caroline. What do you mean by the capacity of 
a body for caloric? 

Mrs. B. I mean a certain disposition of bodies 
to admit more or less caloric between their minute 
particles. 

Let us put as many marbles into this glass as it 
will contain, and pour some sand over them — ob- 
serve how the sand penetrates and lodges between 
them. We shall now fill another glass with pebbles 
of various forms — you see that they arrange them- 
selves in a more compact manner than the marbles^ 
which, being globular, can touch each other by a 
single point only. The pebbles, therefore, will not 
admit so- much sand between them-, and consequent- 
ly one of these glasses will necessarily contain more 
sand than the other, though both of them be equal- 
ly full. 

Caroline. This I understand perfectly. The mar- 
bles and the pebbles represent two bodies of differ- 
ent kinds, and the sand the caloric contained in- 
them; and it appears very plain, from this compari- 
son, that one body may admit of more caloric be- 
tween its particles than another. 

Mrs. B. If you understand this, you can nc 
longer be surprised that bodies of a different capa- 
city for caloric should require different proportions. 
of that fluid to raise their temperatures equally. 

Emily. But I do not understand why the body 
that contains the most caloric should not be of the 
highest temperature; that is to say, feel hot in pro- 
portion to the quantity of caloric it contains ? 

Mrs-. B. The caloric that is employed in filling- 
the capacity of a body, is not free caloric; but it is 
imprisoned as it were in the body, and is therefore 
imperceptible; for we can feel only the free radja* 
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ting caloric which the body parts with, and not that 
which it retains. 

Caroline. It appears to be very extraordinary that 
heat should be confined in a body in such a manner 
as to be imperceptible. 

Mrs. B. If you lay your hand* on a hot body, 
you feel only the caloric which leaves it, and enters 
your hand; for it is impossible that you should be 
sensible of that which remains in the body. The? 
thermometer, in the same manner, is affected only 
by the free caloric which a body transmits to it, and 
not at all by that which it does not part with. You 
see therefore, that the temperature of bodies can 
t?e raised only by free radiating caloric. 

Caroline. I begin to understand it; but I confess 
that the idea of insensible heat is so new and strange 
to me, that it requires some time to render it fami- 
liar. 

Airs. B. Call it insensible caloric, and the diffi- 
culty will appear much less formidable. It is indeed 
a sort of contradiction to call it heat, when it is so 
situated as to be incapable of producing that sensa- 
tion. 

Emily. Yet is k not this modification of caloric 
which is called specific heat ? 

Mrs. B. It is so; but it certainly would have 
been more correal to have called it specific- caloric. 

Emily. I do not understand how the term specifii 
applies to this modification of caloric ? 

Mrs B. It expresses the relative quantity of ca- 
loric which different bodies of the same weight and 
temperature are capable of containing. This modi- 
fication is also frequently called heat 'of capacity, a 
term perhaps preferable, as it explains better its own 
meaning. 

You now understand, I suppose, why the milk 
and chalk required a longer time- than the lead to rais£ 
fclieir temperature to that of the oven ? 



Emily. Yes: the milk and chalk having a great- 
er capacity for caloric than the lead, a greater pro- 
portion of that fluid became insensible in those bo- 
dies; and the more slowly, therefore their tempe- 
rature was raised. 

Mrs. B. You are quite right. And could we 
measure the heat communicated by the oven to these 
three bodies, we should find, that though they 
have all ultimately reached the same temperature, 
yet they have absorbed different quantities of heat 
according to their respective capacities for caloric; 
that is to say* the milk most, the chaik next, and 
the lead least. 

Emily. But supposing that these three bodies- 
were made much hotter, would heat continue to be- 
come insensible in them, or is there any point be- 
yond which the capacity of bodies for caloric is so 
completely filled, that their heat of temperature can 
alone be increased? 

Mrs. B. No: there is no such point; for the 
capacity of bodies for caloric always increases or di- 
minishes in proportion to their temperature; so that 
whenever a body is exposed to an elevation of tem- 
perature, part of the caloric it receives is detained: 
in an insensible state, in order to fill up its increa- 
sed capacity. 

Emily. The more dense a body is, I suppose,, 
the less is its capacity for caloric? 

Mrs. B. That is the case with every individual 
body; its capacity is least when solid greater when 
melted and most considerable when converted into 
vapour. But this does not aLways hold good with 
respect to bodies of different nature; iron, tor in- 
stance, contains more specific heat than ■ ashes, 
though it is certainly much more dense. This seems 
to show that specific heat does not merely depend 
upon the interstices between the particles; bur pro- 
feably, also upon some peculiar power of attraction 
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for caloric. The word capacity therefore, which is 
generally used, is not perhaps strictly correct; but 
until we are better acquainted with the nature and 
cause of specific heat, we cannot adopt a more ap- 
propriate term. 

Emily. But Mrs. B. it would appear to me more 
proper to compare bodies by measure, rather than 
by iveight, in order to estimate their specific heat. 
Why, for instance, should we not compare pints of 
milk, of chalk and of lead, rather than pounds of 
those substances; for equal weights may be compo- 
sed of very different quantities? 

Mrs. B. You are mistaken, my dear: equal 
weights must contain equal quantities of matterj 
and when we wish to know what is the relative 
quantity of caloric, which substances of various 
kinds are capable of containing, under the same tem- 
perature, we must compare equal weights, and not 
•qual bulks of those substances. Bodies of the same 
weight may undoubtedly be of very different dimen- 
sions-, but that does not change the real quantity 
of matter. A pound of feathers does not contain 
one atom more than a pound of le?.d. 

Caroline. I have another difficulty to propose. 
It appears to me, that if the temperature cf the 
three bodies in the oven did not rise equally, they 
would never reach the same degree ; the lead would 
always keep its advantage over the chalk, and milk, 
and would perhaps be boiling before the others had 
attained the temperature of the oven. I think you 
might as well say that, in the course of time, you 
and I should be of the same age? 

Mrs. B. Your comparison is not correct, my 
dear. As soon as the lead reached the temperature 
of the oven, it would remain stationary ; for it would 
then give nut as much heat as it would receive. You* 
should recollect that the exchange of radiating heat, 
between two bodies of equal temperature, is equal j. 
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it would be impossible, therefore, for the lead to 
accumulate heat after having attained the tempera- 
ture of the oven ; and that of the chalk and nilk 
therefore would u'tmately arrive at the same stand- 
ard. Now I fear that this will not hold good with 
respect to our ages, and that, as long as I live, I 
shall never cease to keep my advantage over you. 

Emily. I think that I have found a comparison 
for specific heat, which is very applicable. Sup- 
pose that two men of equal weight and bulk, but 
who required different quantities of food to satisfy 
their appetites, sit down to dinner, both equally 
hungry; the one would consume a much greater 
quantity of provisions than the other, in order to* 
be equally satisfied. 

Airs. B. Yes, that is very fair; for the quanti- 
ty of food necessary to satisfy their respective appe- 
tites, varies in the same manner as the quantity of 
caloric requisite to raise equally the temperature of 
different bodies. 

Emily. The thermometer, then, affords no in- 
dication of the specific heat of bodies ? 

Mrs. B. None at all: no more than satiety is a 
test of the quantity of food eaten. The thermometer, 
as I have repeatedly said, can be affected only by a 
free or radiating caloric, which alone raises the tem- 
perature of bodies. 

Emily. And is there no method of measuring 
the comparative quantities of caloric absorbed in the 
oven by the lead, the chalk, and the milk? 

Mrs. B. It may he done by cooling them to the 
same degree in an apparatus adapted to receive and 
measure the caloric which they give out. Tims, if 
you plunge them into three equal quantities of water, 
each at the same temperature, you will be able to 
judge of the relative quantity of caWic which the 
three bodies contained, by that, which, in cooling, 
they communicated to their respective portions ei" 
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w&ter; for the same quantity of caloric which they 
each absorbed to raise their temperature, will aban- 
don them in lowering it ; and on examining the three 
vessels of water, you will find the one in which you 
immersed the lead to be the lea't heated ; that 
which contained the chalk will be the next ; and 
that which contained the milk wili be heated the 
most of all. The celebrated Lavoisier has invented 
a machine to estimate, up n this principle, the spe- 
cific lu-at of bodies in a more perfect manner ; but I 
cannot explain it to you, tii! you are acquainted with 
the next modification of caloric, which is called 
latent heat. 

Caroline. And pray what kind of heat is that ? 

Mrs. B. It is so analogous to specific heat, that 
most chemists make no distinction bet \\i *.n them j 
but Mr. Pictet, in his Essay on fire, has so ju- 
diciously discriminated them, that I think his view 
of the subject may contribute to render it clearer. 
We therefore call latent heat (a name that was first 
used by Dr. Black) that portion of insensible calorie 
which is employed in changing the state of bodies ; 
that is to say, in converting solids into liquids, or 
liquids into vapour. The heat which performs these 
changes becomes fixed in the body which it has 
transformed, and, as it is perfectly concealed from 
our senses, it has obtained the name of latent heat. 

Caroline. I think it would be much more cor- 
rect to call this modification latent caloric, instead 
of latent heat, since it does not excite the sensation 
of heal. 

Mrs. B. That remark is equally applicable to 
both the modifications of specific and latent heat ; 
but we must not presume (unless amongst ourselves 
in order to explain the subject) to alter terms which 
are still used by much better chemists than ourselves. 
And, besides, you must not suppose that the nature 
of heat is altered by being variously modified : for if 
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latent heat, and specific heat, do not excite the same 
sensations as free caloric, it is owing to their being 
in a state of confinement, which prevents them from 
acting upon our organs ; and, consequently, as soon 
as they are extricated fromthe body in which they are 
imprisoned, they return to their state of free caloric. 

Emily. But I do not yet clearly see in what re- 
spect latent heat differs from specific heat ; for they 
are both of them imprisoned and concealed in 
bodies ? 

Mrs. B. Specific heat is that which is employed 
in filling the capacity of a body for caloric, in the 
state in which this body actually exists ; while latent 
heat is that which is employed only in effecting a 
change of state, that is, in converting bodies from a 
solid to a liquid . or from a liquid to an aeriform state. 
Bur I think that, in a general point of view, both 
these modifications might be comprehended under 
the name of beat of capacity as in both cases the caloric 
is equally engaged in filling the capacities of bodies. 

I shall now show you an experiment which I hope 
■will give you a clear idea of what is understood by 
latent heat. 

The snow which you see in this phial, has been 
cooled by certain chemical means (which I cannot 
well explain to you at present), to 5 degrees below 
the freezing point, as you will find indicated by the 
thermometer, which is placed in it. We shall ex- 
pose it to the heat of a lamp, and you will see the 
thermometer gradually rise, till it reaches the free- 
zing point 

Emily. But there the thermometer stops, Mrs, 
B. and yet the lamp burns just as well as before. 
Why is not its heat communicated to the thermo- 
meter ? 

Caroline. And the snow begins to melt, therefore 
it must be rising above the freezing point ? 

Mrs, B. The heat no longer aifetts the thermo- 



meter, because it is wholly employed in converting 
the ice into water. As the ice melts, the caloric: 
tecomes latent in the new formed liquid, and there- 
fore cannot raise its temperature; and the thermome- 
ter will consequently remain stationary, till the who'e 
of the ice be melted. 

Caroline. Now it is all melted, and the thermo- 
meter begins to rise again. 

Mrs. B. Because the conversion of the ice into 
water being completed, the caloric no longer becomes 
latent-, and therefore the heat which the water now 
receives raises its temperature, as you find the ther- 
mometer indicates. 

Emily. But I do not think that the thermometer 
rises^ so quickly in the water, as it did in the ice, 
previous to its beginning to melt, though the lamp 
burns equally well? 

Mrs. B. That is owing to the different specific 
heat of ice and water. The capacity of water for 
caloric being greater than that of ice, more heat is 
required to raise its temperature, and therefore the 
thermometer rises slower in the water than in the ice 
Emily. True; you said that a solid body always 
increased its capacity for heat by becoming fluid; 
and this is an instance of it. 

Mrs. B. But be careful not to confound this 
with latent heat. 

Emily. On the contrary, I think that this exam- 
ple distinguishes them extremely well; for though 
they both go into an insensible state, yet they differ 
in this respedt, that the specific heat fills the capacity 
of the body in the state in which it exists, while la- 
tent heat changes that state, and is afterwards em- 
ployed in maintaining the body in its new form. 

Caroline. Now Mrs. B. the water begins to boil, 
and the thermometer is again stationary. 

Mrs. B. Well, Caroline, it is your turn to ex- 
plain the phenomenon. 

G 



Caroline. It is wonderfully curious. The caloric 
is now busy in changing the water into steam, in 
which it hides itself and becomes insensible. This 
is another example of latent heat, producing a change 
of form. At first it converted a solid body into a 
liquid, and now it turns the liquid into vapour! 

Mrs. B. You see, my dear, how er.sily you have 
become acquainted with these modifications of in- 
sensible heat, which at first appeared so unintelligi- 
ble. If, now, we were to reverse these changes, 
and condense the vapour into water, and the water 
into ice, the latent heat would re-appear entirely, in 
the form of free caloric. 

Emily. Pray do let us see the effect of latent 
fc.eat returning to its natural form. 

Mrs. B. For the purpose of shewing this, we 
need simply conduct the vapour through this tube 
into this vessel of cold water, where it will part 
with its latent heat and return to its liquid form. 

Emily. How rapidly the steam heats the water! 

Mrs. B. That is because it does not merely im- 
part its free caloric to the water, but likewise its 
latent heat. This method of heating liquids has 
oeen turned to advantage, in several economical es- 
tablishments. At Leeds, for instance, there is a 
large dye-house, in which a great number of coppers 
are kept boiling by means of a single one, which is 
situated without the building, and which alone is 
heated by fire. The steam of this last is conveyed 
through pipes into the bottom of each of the other 
coppers, and it appears extremely singular to see all 
these coppers boiling, though there is not a particle 
of fire in the place. 

Caroline. That is an admirable-contrivance, and 
I wonder that it is not in common use. 

Mrs. B. The steam kitchens, which are get- 
ting into such general use, are upon the same 
principle. The steam is conveyed through a pipe in a 
r-imilar manner, into the several vessels which con- 
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.he provisions to be dressed, where it commu- 
nicates to them its latent caloric, and returns to 
the state of water. Count Rumford makes great use 
of this principle in many of his fire-places: his grand 
maxim is to avoid all unnecessary waste of caloric, 
for which purpose he confines the heat in such a 
manner, that not a particle of it 'shall unnecessarily 
escape; and while he economises the free caloric, 
he takes care also to turn the latent- heat to advan- 
tage. It is thus that he is enabled to produce a de- 
gree of heat superior to that which is obtained in 
common fire-places, though he employs but half 
the quantity of fuel. 

Emily. When the advantages of such contrivan- 
ces are so clear and plain, I cannot understand why 
they are not universally used. 

Mrs. B. A long time is always required before 
innovations, however useful, can be reconciled with 
the prejudices of the vulgar. 

Emily. What a pity it is that there should be a 
prejudice against new inventions; how much more 
fapidly the world would improve, if such useful dis- 
coveries were immediately, and universally adopted! 
Mrs. B. I believe, my dear, that there are as 
many novelties attempted to be introduced, the 
adoption of which would be prejudicial to society, 
as there are of those which would be beneficial to 
it. The well informed, though by no means ex- 
empt from error, have an unquestionable advantage 
over the illiterate, in judging what is likely or not 
to prove serviceable; and therefore we find the for- 
mer more ready to adopt such discoveries as pro- 
mise to be really advantageous, than the latter, 
who, having no other test of the value of a novelty 
but time and experience, at first oppose its intro- 
duction. The well informed are, however, fre- 
quently disappointed in their most sanguine expec- 
tations, and the prejudices of the vulgar though 
they often retard the progress of knowledge, yet 
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sometimes, it must be admitted, prevent the propa- 
gation of error.— But we are deviating from our 
subject. We have converted steam into water, and 
are now to change water into ice, in order to render 
the latent heat sensible, as it escapes from the water 
on its becoming solid. For this purpose we must 
produce a degree of cold that will make water freeze. 

Caroline. That must be v«ry difficult to accom- 
plish in this warm room. 

Mrs. B. Not so much so as you think. There 
are certain chemical mixtures which produce a ra- 
pid change from the solid to the fluid state, or 
the reverse, in the substances combined, in conse- 
quence of which change latent heat is either extri- 
cated or absorbed. 

Emily. I do not quite understand you. 

Mrs. B. This snow and salt, which you see me 
mix together, are melting rapidly; heat therefore 
must be absorbed by the mixture,, and cold produced. 

Caroline. It feels even colder than ice, and yet 
the snow is melted. This is very extraordinary. 

Airs. B. The cause of the intense cold of the 
mixture is to be attributed to the change from a 
solid to a fluid state. The union of the snow and 
salt produces a new arrangement of their particles, 
in consequence of which they become liquid, and 
the quantity of caloric required to effect this change 
is seized upon by the mixture whereever it can be 
obtained. This eagerness of the mixture for caloric, 
during its liquefaction, is such, that it converts part 
of its own free caloric into latent heat, and it is 
thus that its temperature is lowered. 

Emily. Whatever you put into this mixture there- 
fore, would freeze? 

Mrs. B. Yes; at least any fluid that is suscep- 
tible of freezing at that temperature; for the ex- 
change of radiant heat would always be in favour 
of the cold mixture, until an equilibrium of tempe- 
rature was established; therefore unless the bodv 



immersed contained more free caloric than would 
become latent in the mixftire during its conversion 
into a liquid, the former must ultimately give out 
its latent heat till it cools down to the temperature 
of the latter. I have prepared this mixture of salt 
and snow for the purpose of freezing the water from 
which you are desirous of seeing the latent heat es- 
cape. I have put a thermometer in the glass of wa- 
ter that is to be frozen, in order that you may ob- 
serve how it cools 

Caroline. The thermometer decends, but the heat 
which the water is now losing, is its free, not its la- 
tent heat? 

Mrs. B. Certainly; it does not part with its 
latent heat till it changes its state and is converted 
into ice. 

Emily. But here is a very extraordinary circum- 
stance! The thermometer is fallen below the free-- 
zing point, and yet the water is not frozen. 

Mrs. B. That is always the case previous .to the 
freezing of water when it is in a state of rest. Now 
it begins to congeal, and you may observe that the 
thermometer again rises to the freezing point. 

Caroline. It appears to me very strange that the 
thermometer should rise the very moment that the 
water freezes; for it seems to imply that the water 
was colder before it froze than when in the act of 
freezing. 

; Airs. B. It is so ; and after our long dissertation 
on this circumstance, I did not think that it would 
appear so surprising to you. Reflect a little, and I 
think you will discover the reason of it. 

Caroline. It must be, no doubt, the extrication 
of latent heat, at the instant the water freezes, that 
raise- the temperature. 

Mrs. B. Certainly; and if you now examine the 
thermometer, you will find that its rise was but tem- 
porary, and lasted only during the disengagement 
G 2 



of the latent heat ; it has since fallen and will con- 
tinue to fall till the ice and mixture are of an equal 
temperature. 

Emily. And can you show us any experiments in 
which liquids, by being mixed, become solid, and 
disengage latent heat ? 

Mrs. B. I could show you several ; but you are 
not yet sufficiently advanced to understand them 
well. I shall, however, try one which will afford 
you a striking instance of the fact. The fluid which 
you see in this phial consists of a quantity of a cer- 
tain salt called tnuriat of limey dissolved in water. 
Now if I pour into it a few drops of this other fluid, 
called sulphuric acid, - the whole or very nearly the 
ivhole, will be instantaneously converted into a solid 
mass. 

Emily. How white it turns! I feel the latent heat 
escaping, for the bottle is warm, and the fluid is 
changed to a solid white substance like chalk ! 

Caroline. This is indeed the most curious expe- 
riment we have seen yet. But pray what is that 
white vapour that ascends from the mixture ? 

Mrs. B. You are not yet enough of a chemist 
to understand that. But take care, Caroline, do not 
approach too near it, for it smells extremely strong. 

The mixture of spirit of wine and water affords 
another striking example of the extrication of latent 
heat. The particles of these liquids, by penetrating 
each other, change their arrangement, so as to be- 
come more dense, and (if I may use the expression), 
less fluid, in consequence of which they part with 
a quantity of latent heat. 

Sulphuric acid and water produce the same effect, 
•and even in a much greater degree. We shall try 
both these experiments, and you will feel how 
much heat which was in a latent state, is set at li- 
berty — Now each of you take bold of one of these 
glasses-— —<_ 
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Caroline^ I cannot hold mine; I am sure it is as 
hot as boiling water. 

^ Mrs. B. Your glass, which contains the sulphu- 
ric acid and water, is indeed, of as high a tempera- 
ture as boiling water ; but you do not find yours so 
hot, Emily? 

Emily. Not quite. But why are not these li- 
quids converted into solids by the extrication of 
their latent heat? 

Mrs. B. Because they part only with a portion 
of that heat, and therefore they suffer only a dimi- 
nution of their liquidity. 

Emily. Yet they appear as perfectly liquid as 
they did before they were mixed. 

Mrs. B. They are however considerably con- 
densed. I shall repeat the experiment in a gradu- 
ated tube, and you will see that the two liquids, 
when mixed, occupy less space than they did sepa- 
rately. This tube is graduated by cubit inches, and 
this little measure contains exactly one cubit inch; 
therefore, if I fill it twice, and pour its contents into 
the tube, they should fill it up to the second mark. 

Caroline. And so they do, exactly. 

Mrs. B. Because I put two measures of the same 
liquid into the tube ; but we shall now try it with 
one of water and one of sulphuric acid ; observe 
the difference — 

Emily. The two measures, this time, evidently 
take up less space, though the fluid does not appear 
to have suffered any change in its liquidity. 

Mrs. B. The two liquids, however, have un- 
dergone some degree of condensation from the new 
arrangement of their particles; they have penetra- 
ted each other, so as to form a closer substance, and 
have thus, as it were, squeezed out a portion of 
their latent heat. But this change of state is cer- 
tainly much less striking, and less complete, than 
when liquids are converted into solids, 
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The slakelng of lime is another curious instance 
of the extrication of latent heat. Have you never 
observed how quick-lime smokes when water is 
poured upon it, and how much heat it produces ? 

Caroline. Yes ; but I do not understand what 
change of state takes place in the lime that occasions 
its giving out latent heat ; for the quick-lime, which 
is solid, is (if I recollect right) reduced to powder 
by this operation, and is therefore rather expanded 
than condensed. 

Mrs. B. It is from the water, not the lime, that 
the latent heat is set free. The water incorporates 
with, and becomes solid in the lime; in consequence 
of which the heat, which kept it in a liquid state, 
is disengaged and escapes in a sensible form. 

Caroline. I always thought that the heat origina- 
ted in the lime. It seems very strange that water, 
and cold water too, should contain so much heat. 

Emily. After this extrication of caloric, the wa- 
ter must exist in a state of ice in the lime, since it 
parts with the heat which kept it liquid ? 

Mrs. B. It cannot properly be called ice, since 
ice implies a degree of cold, at least equal to the 
freezing point. Yet as water, in combining with 
lime, gives out more heat than in freezing, it must 
be in a state of still greater solidity in the lime, 
than it is in the form of ice ; and you may have ob- 
served that it does not moisten or liquefy the lime 
in the smallest degree. 

Emily. But, Mrs. B. the smoke that rises is 
white ; if it was only pure caloric which escaped, we 
might feel, but could not see it. 

Mrs. B. This white vapour is formed by some 
of the particles of iime, in a state of line dust, 
which are carried off by the caloric. 

Emily In all changes of state, then, a body ei- 
ther absorbs or disengages latent heat ? 

Mrs. B. You cannot exactly say absorbs latent 
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heat, as the heat becomes latent only on being con- 
fined in the body ; but you may say that bodies, in 
passing from a solid to a liquid form, or from the 
liquid state to that of vapour, absorb heat; and that 
when the reverse takes place heat is disengaged.* 
We have seen likewise, that a body may part with 
some of its latent heat without completely changing 
its form, as was the case with the mixtures of sul- 
phuric acid and water, and spirit of wine and wa- 
ter; but here you must observe, that the condensa- 
tion which forces out a portion of their latent heat, 
is occasioned by a new arrangement of the particles, 
produced by mixing the liquids, they therefore un- 
dergo a change of state, though no very sensible 
difference takes place in their form. 

Caroline. All solid bodies, I suppose, must have 
parted with the whole of their latent heat ? 

Mrs. B. "We cannot precisely say that; for solid 
bodies are most of them susceptible of being brought 
to different degrees of density, during which ope- 
ration a quantity of heat is disengaged; as it hap- 
pens in the hammering of metals, the boring of 
cannon, and in general whenever bodies are expo* 
sed to considerable friction or violent pressure. 

It has been much disputed, however, to what mo- 
dification of heat caloric thus extricated belongs, 
though in general it is considered as latent heat; 
but it does not seem strictly entitled to that name, 
as its extrication produces no other change in the 
body than an increase of density. 

Emily. And may not the same objection be made 
to the heat extricated from the mixtures we have 
just witnessed? for the only alteration that is pro- 
duced by it is a greater density. 

Mrs. B. But I observed to you, that the densi- 
ty was produced by a new arrangement of the par- 

* This rule, if not universal, admits of very few exceptions, 
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ticks, owing to the mixing of two different sub- 
stances •, this cannot be the case, when heat is ex- 
tricated from solid bodies by mere mechanical force, 
such as hammering metals •, no foreign particles are 
introduced, and except a closer union, no change 
of arrangement can take place. The caloric, thus 
extricated, seems therefore to have a still more du- 
bious title to the modification of latent heat, than 
that produced by mixtures. I know no other way 
of settling this difficulty than by calling them both 
heat of capacity, a title to which we have agreed that 
specific heat, and latent heat, have an equal claim. 

Emily. We can now, I think, account for the 
ether boiling, and the water freezing in vacuo, air 
the same temperature. 

Mrs. B. Let me hear how you explain it ? 

Emily. The latent heat, which the water gave 
out in freezing, was immediately absorbed by the 
ether, during its conversion into vapour; and there- 
fore, from a latent state in one liquid, it passed in- 
to a latent state in the other. 

Mrs. B. But this only partly accounts for the 
experiment; it remains to be explained why the 
temperature of the ether, while in a state of ebul- 
lition, is brought down to the freezing temperature 
of the water. It is because the ether, during it3 
evaporation, reduces its own temperature, in the same 
proportion as that of the water, by converting its 
free caloric into latent heat ; so that, though one 
liquid boils, and the other freezes, their tempera- 
tures remain in a state of equilibrium. 

Having advanced so far on the subject of heat, I 
may how give you an account of the calorimeter, 
an instrument invented by Lavoisier, upon the prin- 
ciples just explained, for the purpose of estimating 
the specific heat of bodies. It consists of a vessel, 
the inner surface of which is lined with ice, so as to 
form a sort of hollow globe of ice, in the midst of 
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which the body, whose specific heat is to be ascer- 
tained, is placed. The ice absorbs caloric from this 
body, till it nas brought it down to the freezing 
point: this caloric converts into water a certain por- 
tion of the ize which runs out through an aperture 
at the bottom of the machine; and the quantity of 
ice changed to water is a test of the quantity of calo- 
ric which the body has given out in descending from 
A certain temperature to the freezing point. 

^Caroline. In this apparatus, I suppose,, the milk, 
chalk, and lead, would melt different quantities of 
ice, in proportion to their different capacities for ca- 
loric ? 

Mrs. B. Certainly; and thence we are able to 
ascertain, with precision, their respective capacities 
for heat. Eut the calorimeter affords us no more 
idea of the absolute quantity of heat contained in a 
body, than the thermometer; for though by means 
cf it we extricate both the free and confined calo- 
ric, yet we extricate them only to a certain degree, 
which is the freezing point: and we know not how 
much they contain of either below that point. 

Emily. According to this theory of latent heat, 
it appears to me the weather should be warm when 
it freezes, and cold in a thaw : for latent heat is 
liberated from every substance that freezes, and 
such a large supply of heat must warm the atmos- 
phere; whilst, during a thaw, that very quantity of 
free heat must be taken from the atmosphere, and 
return to a latent state in the bodies which it thaws. 

Mrs. B. Your observation is very natural; but 
consider, that in a frost the atmosphere is so much 
colder than the earth, that all the caloric which it 
takes from the freezing bodies is insufficient to raise 
its temperature above the freezing point; otherwise 
the frost must cease. But if the quantity of latent 
heat extricated does not destroy the frost, it serves 
to moderate the suddenness of the change of tern- 
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perature of the atmosphere, at the commencement 
both of a frost, and of a thaw. In the first instance, 
its extrication diminishes the severity of the cold ; 
and, in the latter, its absorption moderates the 
warmth occasioned by a thaw : it even sometimes 
produces a discernible chill, at the breaking up of 
a frost. 

Caroline. But what are the general causes that 
produce those sudden changes in the weather, espe- 
cially from hot to cold, which we often experience? 

Mrs. B. This question would lead us into me- 
teorological discussions, to which I am by no means 
competent. One circumstance, however, we can 
easily understand. When the air has passed over 
cold countries, it will probably arrive here, at a tem- 
perature much below our own, and then it must ab- 
sorb heat from every object it meets with which, 
will produce a general fall of temperature. 

But I think we have now sufficiently dwelt on the 
subject of latent heat ; we may therefore proceed to 
the last modification, which is chemical heat. In 
this state we consider caloric as one of the constitu- 
ent parts of bodies. Like any other substance, it is 
subject to the attraction of composition, and is thus 
capable of being chemically combined. 

Emily. In this case, then, it neither affects the 
thermometer, nor the calorimeter, since principles 
united by the attraction of composition can be sepa- 
rated only by the decomposition of the body. 

Mrs. B. You are perfectly right. We may con- 
sider free caloric as moving constantly through the 
integrant particles of a body; specific and latent heat, 
as lodging between them, and being there detained 
by a mere mechanical union; but it is chemical heat 
alone that actually combines, in consequence of a true 
chemical affinity, with the constituent particles of 
bodies; and this union cannot be dissolved without 
a decomposition produced by superior attractions. 



Caroline. But if this kind of heat is so perfectly 
concealed in the body, pray how is it known to exist r" 

Mrs. B. By being freed from its imprisonment; 
for when the body in which it exists is decomposed, 
it then returns to the state of free caloric. This ca- 
loric, however, seldom shews itself entirely, as part 
of it generally enters into new combinations with 
some of the constituent parts of the decomposed 
body, and is thus again concealed under the form 
of latent heat. 

But it will be better to defer saying any thing 
further of this modification of heat at present. 
When we come to analyse compound bodies, and 
resolve them into their constituent parts, we shall 
have many opportunities of becoming better ac- 
quainted with it. 

Caroline. Caloric appears to me a most wonder- 
ful element : but I cannot reconcile myself to the 
idea of its being a substance •> for it seems to be 
constantly acting in opposition, both to the attrac- 
tion of aggregation and the laws of gravity ; and 
yet you decidedly class it amongst the simple bodies. 

Mrs. B. You are not at all singular in the doubts 
you entertain, my dear, on this point; for although 
caloric is now generally believed to be a real sub- 
stance, yet there are certainly some strong circum* 
stances which seem to militate against this doctrine. 

Caroline. But do you, Mrs. B. believe it to be a 
substance? 

Mrs. B. Yes, I do : but I am inclined to think, 
that its levity is, in all probability, only relative, 
like that of vapour which ascends through the hea-' 
vier medium, air. 

Caroline. If that be the case, it would not ascend 
in a vacuum. 

Mrs. B. In an absolute vacuum, perhaps, it 
would not. But as the most complete vacuum we 
can obtain is never perfect, we ma y always imagine 
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the existence of some unknown invisible fluid, 
which however light and subtile, may be heavier 
than calorie, and will gravitate in it. The fact has 
not, I believe, been yet determined by very decisive 
experiments ; but it appears from some made by 
Professor Picket, mentioned in his ' Essay on Fire,' 
that heat has a tendency to ascend in the most com- 
plete vacuum which we are able to obtain. 

Emily. But if there exists such a subtle fluid as 
you imagine, do you not think that chemists would 
-have discovered it by some of its properties ? 

Mrs. B. It has been conjectured that light might 
be such a fluid ■■, but I confess that I do not think 
it probable : for as it appears by Dr. Herschell's ex- 
periment that heat is less refrangible than light, I 
should be rather inclined to think it the heavier of 
the two. But, while you have so many well ascer- 
tained facts to learn, I shall not perplex you with 
conjectures. We have dwelt on the subject: of ca- 
loric much longer than I intended, and I fear you 
will find it difficult to remember so long a lesson. 
At our next meeting we shall examine the nature of 
oxygen and nitrogen, two substances with which 
you must now be made acquainted. 



CONVERSATION V. 

On Oxygen and Nitrogen. 

Mrs. B. 
To-day we shall examine the chemical properties 

of the ATMOSPHERE. 
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Caroline. I thought you said that we were to 
learn the nature of oxygen and nitrogen, which 
come next in our table of simple bodies ? 

Mrs. B. And so you shall : the atmosphere is 
composed of these two principles ; we shall there- 
fore analyse it, and consider its component parts se- 
parately. 

Emily. I always thought that the atmosphere had 
been a very complicated fluid, composed of all the 
variety of exhalations from the earth. 

Mrs. B. In a general point of view, it may be 
said to consist of all the substances capable of ex- 
isting, in an aeriform state, at the common tempe- 
rature of our globe. But, laying aside these hete- 
rogenous and accidental substances (which rather 
float in the atmosphere than form any of its compo- 
nent parts), it consists of an elastic fluid called at- 
mospherical air, which is composed of two gasses, 
known by the names of oxygen gas and nitrogen 
or AZOTIC GAS. 

Emily. Pray what is a gas ?" 

Mrs. B. The name of gas is given to any aeri- 
form fluid, which consists of some substances che- 
mically combined with caloric, and capable of ex- 
isting constantly in an aeriform state, under the 
pressure, and at the temperature of the atmosphere. 
Every individual gas is therefore composed of two 
parts : 1st, the particular substance that is convert- 
ed into a gas, by caloric ; this is called the basis of 
the gas, as it is from it that the gas derives all its 
specific and characteristic properties : and 2dly, the 
caloric, which, by its chemical combination with the 
basis, constitutes it a gas, or permanently elastic fluid. 

Emily. When you speak then of the simple sub- 
stances, oxygen and nitrogen, you mean to express, 
those substances which are the bases of the two 
gasses, independently of caloric ? 

Mrs. B. Yes, in strict propriety ; and they should 
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be called gasses, only when brought, by their com- 
bination with caloric, to an aeriform state. 

Caroline. Is not water, or any other substance, 
when evaporated by heat, called also a gas ? 

Mrs B. No, my dear; vapour is, indeed, an 
dastic fluid, and bears so strong a resemblance to a 
gas, that there is some danger of confounding them; 
there are however, several points in which they es- 
sentially differ, and by which you may always dis- 
tinguish them. 

Vapour is nothing more than the solution, or me- 
chanical division, of any substance whatever in ca- 
loric. The caloric, in this case, becomes latent in 
the vapour ; but its union with it is very slight, and 
as we have seen in a variety of instances, it is ne- 
cessary only to lower the temperature in order to 
separate them. But, to form a gas or permanently 
elastic fluid, a chemical combination must take place 
between the caloric and the substance, at the time 
of its being converted into a gaseous state; it is ne- 
cessary therefore, that there should be an affinity 
between them, and hence their combination cannot 
be destroyed by a mere change of temperature, or 
by any chemical agents, except such as have a stronger 
affinity, for either of the constituents of the gas, 
and by that means effect its decomposition. 

Caroline. Indeed, I ought not to have forgotten 
that caloric, in vapour, is only latent, and not che- 
mically combined. But pray, Mrs. B. what kinds 
of substances are oxygen and nitrogen, when not 
in a gaseous state ? 

Mrs. B. We have never been able to obtain 
these substances in their pure simple state, because 
we cannot separate them entirely either from calo- 
ric or from the other bodies with which we find 
them united; it is therefore only by their effects in 
combining with other substances that we are ac- 
quainted with them. 
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Caroline. How much more satisfactory it would 
be if we could see them ! 

Emily. In what proportions are they combined 
in the atmosphere ? 

Mrs. B. The oxygen gas constitutes about one- 
fourth, and the nitrogen gas three-fourths. When 
separated, they are found to possess qualities totally 
different from each other. Pure oxygen gas is es- 
sential both to respiration and combustion, while 
neither of these processes can be performed in ni- 
trogen gas. 

Caroline. But since nitrogen gas is unfit for res- 
piration, how does it happen that the three-fourths 
of this gas, which enter into the composition of the 
atmosphere, are not a great impediment to breathing I 

Mrs. B. We should breathe more freely than 
our lungs could bear, if we respired oxygen gas a- 
ione. The nitrogen is no impediment either to res- 
piration, or combustion; it appears to be merely 
passive in those functions; but it serves as it were, 
to dilute and weaken the oxygen which we breathe, 
as you would weaken the wine that you drink, by 
diluting it with water. 

Emily. And by what means can the two gassesy 
which compose the atmospheric air, be separated? 

Mrs. B. There are many ways of analysing the 
atmosphere; the two gasses can be separated first 
by combustion. 

Emily. How is it possible that combustion should 
separate them ? 

Mrs. B. I must first tell you, that all bodies, ex- 
cepting the earths and alkalies, have so strong an 
affinity for oxygen, that they will, in certain cir- 
cumstances, attract and absorb it from the atmos- 
phere; in this case the nitrogen gas remains alone, 
and we thus obtain it in its simple gaseous state. 

Caroline. I do not understand how a gas can be 
absorbed ? 

h 2 
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Airs. B. The gas is not absorbed, but decompo- 
sed; and it is oxygen only, that is to say, the basis 
of the gas, which is absorbed. 

Caroline. What then becomes of the caloric of 
the oxygen gas, when it is deprived of its basis? 

Mrs. B. We shall make this piece of dry wood 
absorb oxygen from the atmosphere, and you will 
see what becomes of the caloric. 

Caroline. You are joking, Mrs. B. you do not 
mean to decompose the atmosphere with a piece of 
stick ? 

Airs. B. Not the whole body of the atmosphere, 
certainly; but if we can make this stick absorb any 
quantity of oxygen from it, will not a proportional 
quantity of atmospherical air be decomposed ? 

Caroline. Undoubtedly; but if wood has so strong 
an affinity for oxygen, as to attract it from the ca- 
loric with which it is combined in the atmosphere, 
why does it not decompose the atmosphere sponta- 
neously ? 

Airs. B. Because the attraction of aggregation 
of the particles of the wood, is an obstacle to their 
combination with the oxygen : for you know that 
the oxygen must penetrate the wood in order to 
combine with its particles, and forcibly separate them 
in direct opposition to the attraction of aggregation. 

Emily. Just as caloric penetrates bodies ? 

Airs. B. Yes; but caloric being a much more 
subtile fluid than oxygen, can penetrate substances 
much more easily. 

Caroline. But if the attraction of cohesion between 
ihe particles of a body, counteracts its affinity for 
oxygen, I do not see how that body can decompose 
the atmosphere ? 

Airs B. That is now the difficulty which we 
have to remove with regard to the piece of wood. — 
Can you think of no method of diminishing the at- 
traction of cohesion ? 
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Caroline. Heating the wood, I should think, 
might answer the purpose; for the caloric would se- 
parate the particles, and make room for the oxygen. 

Mrs. B. "Well, we shall try your method; hold, 
the stick close to the fire — closer still, that it may 
imbibe the caloric plentifully; otherwise the attrac- 
tion of cohesion between its particles will not be 
sufficiently overcome — 

Caroline. It has actually taken fire, and yet I did 
not let it touch the coals; but I held it so very close, 
that I suppose it caught fire merely from the inten- 
sity of the heat. 

Mrs. B. Or you might say, in other words, that 
the heat so far overcame the attraction of cohesion 
of the wood, that it was enabled to absorb oxygen 
very rapidly from the atmosphere. 

Emily. Does the wood absorb oxygen while it is 
burning? 

Mrs. B. Yes; and the heat and light are pro- 
duced by the caloric of the oxygen gas, which being 
set at liberty by the oxygen uniting with the woodj 
appears in its sensible form. 

Caroline. You astonish me ! Is it possible that the 
heat of a burning body should be produced by the 
atmosphere, and not by the body itself? 

Mrs. B. It is not precisely ascertained whether 
any portion of the caloric is furnished by the com- 
bustible body; but there is no doubt that by far the 
most considerable part of it is disengaged from the 
©XVgen gas, when its basis combines with the com- 
bustible body. 

Emily. I have not yet met with any thing in 
chemistry that has surprised or delighted me so 
mui-h as this explanation of combustion. I was at 
first wondering what connection there could be be- 
tween the affinity of a body for oxygen and its com- 
bustibility ; but I think I understand it now perfectly. 

Mrs. B. Combustion then, you see, is nothing 
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more than the rapid absorption of the basis of oxy- 
gen gas, by a combustible body, attended by the 
disengagement of the light and heat, which were 
combined with the oxygen when in its gaseous state. 

Emily. But are there no combustible bodies whose 
attraction for oxygen is so strong, that they will 
overcome the resistance of the attraction of aggre- 
gation, without the application of heat ? 

Caroline. That cannot be; otherwise we should 
see bodies burning spontaneously. 

Mrs. B. This indeed, sometimes happens, (and 
for the very reason which Emily assigns), as I shall 
show you at some future time. But in general, all 
the combustions that could occur spontaneously, at 
the temperature of the atmosphere, have already 
taken place; therefore new combustions cannot hap- 
pen without raising the temperature of the body. 
Some bodies, however, will burn at a much lower 
temperature than others. 

Emily. The elevation of temperature, required 
to make a body burn, must, I suppose depend en- 
tirely upon the force of aggregation to be overcome? 

Mrs. B. That is one point; but you must like- 
wise recollect, that there must be a stronger affinity 
between the body and oxygen, than between the 
latter and its caloric; otherwise the oxygen will not 
quit its gaseous form to combine with the body. It 
is this degree of affinity for oxygen that constitutes 
a combustible body. The earths and alkalies have 
no such affinity for oxygen, and are therefore in- 
combustible. But in order to make a combustible 
body burn, you see that it is necessary to give the 
first impulse to combustion by the approach of a hot 
or burning body, from which it may obtain a suffi- 
cient quantity of caloric to raise its temperature. 

Caroline. But the common way of burning a body 
is not merely to approach it to one already on fire, 
but rather to put the one in actual contact with die 
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other, as when I burn this piece of paper by hold- 
ing it in the flame of the fire. 

Mrs. B. The closer it is in contact with the 
source of caloric, the sooner will its temperature be 
raised to the degree necessary for it to burn. If 
you hold it near the fire, the same effect will be 
produced ; but more time will be required, as you 
found to be the case with the piece of stick. 

Emily, But why is it not necessary to continue 
applying caloric throughout the process of combus- 
tion, in order to prevent the attraction of aggrega- 
tion from recovering its ground and impeding the 
absorption of the oxygen? 

Mrs. B. The caloric, which is gradually disen- 
gaged, by the decomposition of the oxygen gas, 
during combustion, keeps up the temperature of the 
burning body; so that when once combustion has 
begun, no further application of caloric is required. 
Caroline. Since I have learnt this wonderful the- 
ory of combustion, I cannot take my eyes from the 
fire; and I can scarcely conceive that the heat and 
light which I always supposed to proceed from the 
coals, are really produced by the atmosphere, and 
that the coals are only the instruments by which the 
decomposition of the oxygen gas is effected. 

Emily. When you blow the fire, you increase the 
combustion, I suppose, by supplying the coals with 
a greater quantity of oxygen gas ? 

Mrs. B. Certainly; but of course no blowing 
will produce combustion, unless the temperature of 
the coals be first raised. A single spark, however, 
is sometimes sufficient to produce that effect; for as 
I said before, when once combustion has commen- 
ced, the caloric disengaged is sufficient to elevate 
the temperature of the rest of the body, provided 
thar there be a free access of oxygen. There are, 
therefore, three things required in order to produce 
combustion; a combustible body, oxygen, and a tern.- 



perature at which the one will combine with the 
©ther. 

Emily. You said that combustion was one me- 
thod of decomposing the atmosphere, and obtain- 
ing the nitrogen gas in its simple state; but how do 
you secure this gas, and prevent it from mixing with 
the rest of the atmosphere ? 

Mrs. B. It is necessary for this purpose to burn 
the body within a close vessel, which is easily done. 
— We shall introduce a small lighted taper {Plate V. 
Fig. 7.) under this glass receiver, which stands in a 
bason over water, to prevent all communication with 
the external air. 

Caroline. How dim the light burns already ! — It 
is now extinguished. 

Mrs. B. Can you tell us why it is extinguished? 

Caroline. Let me consider — The receiver was 
full of atmospherical air; the taper, in burning with- 
in it, must have absorbed the oxygen contained in 
that air, and the caloric that was disengaged produ- 
ced the light of the taper. But when the whole of 
the oxygen was absorbed, the whole of its caloric 
was disengaged; consequently the taper ceased to 
burn, and the flame was extinguished. 

Mrs. B. Your explanation is perfectly correct. 

Emily. The two constituents of the oxygen gas 
being thus disposed of, what remains under the re- 
ceiver must be pure nitrogen gas ? 

Mrs. B. There are some circumstances which 
prevent the nitrogen gas, thus obtained, from being 
perfe&ly pure; but we may easily try whether the 
oxygen has disappeared by putting another lighted 
taper under it. — You see how instantaneously the 
flame is extinguished for want of the oxygen; and 
were you to put an animal under the receiver, it 
would immediately be suffocated. But that is an 
experiment which I suppose your curiosity will no': 
tempt you to try. 
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Emily. It must be very cruel indeed!— ,But look, 
Mrs. 13. the receiver is full of a thick white smoke. 
Is that nitrogen gas ? 

Mrs. B. No, my dear, pure nitrogen gas is per- 
fectly transparent, and invisible, like common air. 
This cloudiness proceeds from a variety of exhala- 
tions, which arise from the burning taper, and the 
nature of which you cannot yet understand. 

Caroline. The water within the receiver has now 
risen a little above its level in the bason. What is 
the reason of this ? 

Mrs. B. With a little reflection, I dare say, you 
would have explained it yourself. The water rises 
in consequence of the oxygen gas within it having 
been destroyed or rather decomposed, by the com- 
bustion of the taper; and the water did not rise im- 
mediately because the heat of the taper whilst burn- 
ing, produced a dilatation of the air in the vessel, 
which counteracted this effect. 

Another means of decomposing the atmosphere 
is the oxygenation of certain metals. This process is 
very analogous to combustion; it is, indeed, only a 
more general term to express the combination of a 
body with oxygen. 

Caroline. In what respect, thea, does it differ 
■from combustion? 

Mrs. B. The combination of oxygen in combus- 
tion is always accompanied by a disengagement of 
light and heat; whilst this circumstance is not a ne- 
cessary consequence of simple oxygenation. 

Caroline. But how can a body absorb oxygen 
without disengaging the caloric of the gas ? 

Mrs. B Oxygen does not always present itself 
in a gaseous state; it is a constituent part of a vast 
number of bodies, both solid and liquid, in which 
it exists in a much denser state than in the atmos- 
phere; and from these bodies it may be obtained 
.without any disengagement of caloric. It may like- 
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wise, in some cases, be absorbed from the atmosphere 
without any sensible production of light and heat ; 
for if the process be slow, the caloric is disengaged 
in such small quantities, and so gradually, that it is 
not capable of producing either light or heat. In 
this case, the absorption of oxygen is called oxyge- 
nation or oxydation, instead of combustion, as the dis- 
engagement of sensible light and heat is essential to 
the latter. 

Emily. I wonder that metals can unite with oxy- 
gen; for, as they are very dense, their attraction of 
aggregation must be very great, and I should have 
thought that oxygen could never have penetrated 
such bodies. 

Mrs. B. Their strong attraction for oxygen coun- 
terbalances this obstacle. Most metals, however, 
require to be made red hot before they are capable 
of attracting oxygen in any considerable quantity- 
By this process they lose most of their metallic pro- 
perties, and fall into a kind of powder, formerly 
called calx, but now much more properly termed an 
oxyd ; thus we have oxyd of lead, oxyd of iron, &c. 

Caroline. The word oxyd, then, simply means a 
metal combined with oxygen ? 

Mrs. B. Yes; but the term is not confined to 
metals, though chiefly applied to them. Any body 
whatever, that has combined with a certain quanti- 
ty of oxygen, either by means of oxydation or com- 
bustion, is called an oxyd, and is said to be oxydaied 
or oxygenated. 

This black powder is an oxyd of manganese, a 
metal which has so strong an attraction for oxygen, 
that it absorbs that substance from the atmosphere 
at any known temperature: it is therefore never 
found in its metallic form, but always in that of an 
oxyd, in which state, you see, it has very little of 
the appearance of a metal. It is now heavier than 
k was before oxydation, in consequence of the ad- 
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ditional weight of the oxygen with which it has 
combined. 

Caroline. I am very glad to hear that; for I con- 
fess I could not help having some doubts whether 
oxygen was really a substance, as it is not to be ob- 
tained in a simple and palpable state: but its weight 
is, I think, a decisive proof of its being really a bo- 
dy. 

Mrs. B. It is easy to estimate its weight, by se- 
parating it from the manganese, and finding how 
much the latter has lost. 

Emily. But if you can take the oxygen from the 
metal, shall we not then have it in its palpable sim- 
ple state ? 

Mrs. B. No; for I can only separate the oxy- 
gen from the manganese, by presenting to it some 
other body for which it has a greater affinity than 
for the manganese. Caloric possesses such a supe- 
rior affinity for oxygen, provided the temperature 
of the metal be sufficiently raised; if, therefore, I 
heat this oxyd of manganese to a certain degree, 
the caloric will combine with the oxygen, and car- 
ry it off in the form of gas. 

Emily. But you said just now, that manganese 
would attracl oxygen from the atmosphere in which 
it is combined with caloric; how, therefore, can 
the oxygen have a superior affinity for caloric, since 
it abandons the latter to combine with the manga- 
nese? 

Mrs. B. I give you credit for this obje&ion, 
Emily; and the only answer I can make to it is, 
that the mutual affinities of metals for oxygen and 
of oxygen for caloric, vary at different tempera- 
tures; a certain degree of heat will, therefore, dis- 
pose a metal to combine with oxygen, whilst on 
the contrary, the former will be compelled to part 
with the latter when the temperature is further in- 
creased. I have put some oxyd of manganese infq 
i 
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a retort, which is an earthen vessel with a bent neck, 
such as you see here [Plate V. Fig. 8.) — The retort 
containing the manganese you cannot see, as I have 
enclosed it in this furnace, where it is now red hot. 
But in order to make you sensible of the escape of 
the gas, which is itself invisible, I have connected 
the neck of the retort with this bent tube, the ex- 
tremity of which is immersed in this vessel of water 
{Plate V. Fig 9.) — Do you see the bubbles of air rise 
through the water? 

Caroline. Perfectly. This, then, is pure oxygen 
gas; what a pity it should be lost! Could you not 
preserve it? 

Mrs. B. We shall collect it in this receiver. — 
For this purpose, you observe, I first fill it with wa- 
ter, in order to exclude the atmospherical air; and 
then place it over the bubbles that issue from the 
retort, so as to make them rise through the water to 
the upper part of the receiver. 

Emily. The bubbles of oxygen gas rise, I sup- 
pose, from their specific levity? 

Mrs. B. Yes; for though oxygen forms rather 
a heavy gas, it is light compared to water. You see 
how it gradually displaces the water from the recei- 
ver. It is now full of gas, and I may leave it inver- 
ted in water on this shelf, where I can keep the gas 
as long as I choose for future experiments. This 
apparatus (which is indispensable in all experiments 
in which gasses are concerned) is called a water-bath. 

Caroline. It is a very clever contrivance, indeed; 
it is equally simple and useful. How convenient 
the shelf is for the receiver to rest upon under wa- 

Plate V. 

Fig. j. Combustion of a taper under a receiver. Fig. 8. A retort 
on a stand. Fig. 9. A furnace. B. Earthen retort in the furnace. 
C. Water bath- D. Receiver. E E. Tube conveyi-ig the g„is from 
the retort through the water into the receiver. F. F. F. Shelf per- 
forated on which the receiver stands. Fig. 10. Combustion of iron 
wire in oxygen gas. 
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rer, and the holes in it for the gas to pass into the 
receiver! I long to make some experiments with 
this apparatus. 

Mrs. B. I shall try your skill that way, when 
you have a little more experience. I am now going 
to show you an experiment, which proves, in a ve- 
ry striking manner, how essential oxygen is to com- 
bustion. You will see that iron itself will burn in 
this gag, in the most rapid and brilliant manner. 

Emily. Really! I did not know that it was pos- 
sible to burn iron. 

Mrs. B. Iron is eminently combustible in pure 
oxygen gas, and what will surprise you still more, 
it can be set on fire without any very great rise of 
temperature. You see this spiral iron wire — I fasten 
it at one end to this cork, which is made to fit an 
opening at the top of the glass receiver {Plate V. 
Fig. 10.)— 

Emily. I see the opening in the receiver; but it 
is carefully closed by a ground glass stopper. 

Mrs. B. That is in order to prevent the gas from 
escaping; but I shall take out the stopper, and put 
in the cork, to which the wire hangs. — Now I mean 
to burn this wire in the oxygen gas, but I must fix 
a small piece of lighted tinder to the extremity of 
it, in order to give the first impulse to combustion; 
for however powerful oxygen is in promoting com- 
bustion, you must recollect that it cannot take place 
without a certain elevation of temperature. I shall 
now introduce the wire into the receiver, by quick- 
ly changing the stoppers. 

Caroline. Is there no danger of the gas escaping 
while you change the stoppers ? 

Mrs. B. Oxygen gas is a little heavier than at- 
mospherical air, therefore it will not mix with it ve- 
ry rapidly; and if I do not leave the opening unco- 
vered we shall not lose any 

Caroline. Oh, what a brilliant and beautiful flame ! 
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it is evidently diminished, and sometimes entirely 
consumed. 

Mrs. B. But what do you mean by the expres- 
sion consumed? Xou cannot suppose that the smallest 
particle of any substance in nature can be actually 
destroyed. A compound body is decomposed by 
combustion; some of its constituent parts fly off in 
a gaseous form, while others remain in a concrete 
state ; the former are called the volatile, the latter 
the fixed producls of combustion. But if we collect 
:he whole of them, we shall always find that they 
exceed the weight of the combustible body, by that 
of the oxygen which has combined with them du- 
ring combustion. 

Emily. In the combustion of a coal fire, then, I 
suppose that the ashes are what would be called the 
fixed product? and the smoke the volatile product? 

Mrs. B. Yet when the fire burns best, and the 
quantity of volatile products should be the greatest, 
there is no smoke ; how can you account for that? 

Emily. Indeed I cannot; therefore I suppose that 
I was not right in my conjecture. 

Mrs. B. Not quite : ashes as you supposed, are 
a fixed product of combustion ; but smoke, proper- 
ly speaking, is not one of the volatile products, as 
it consists of some minute undecomposed particles 
of the coals that are carried off by the caloric with- 
out being burnt, and are either deposited in the 
form of soot, or dispersed by the wind. Smoke 
therefore, ultimately becomes one of the fixed pro- 
ducts of combustion. And you may easily conceive 
that the stronger the fire is, the less smoke it pro- 
duces, because the fewer particles escape combus- 
tion. On this principle depends the invention of 
Argand's patent lamps ; a current of air is made to 
pass through the cylindrical wick of the lamp, by 
which means it is so plentifully supplied with oxy- 
gen, that not a particle of oil escapes combustion, 
nor is an atom of smoke produced. 
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Emily. But what then are the volatile products 
of combustion ? 

Mrs. B Various new compounds, with which 
you are not yet acquainted, and which being con- 
verted by caloric, either into vapour, or gas, are 
invisible; but they can be collected, and we shall 
examine them, at some future period. 

Caroline. There are then other gasses, besides 
the oxygen and nitrogen gasses. 

Mrs. B. Yes, several : any substance that has 
a sufficient affinity for caloric to combine with it, 
and assume and maintain the form of an elastic fluid 
at the temperature of the atmosphere, is capable of 
being converted into a gas. We shall examine the 
several gasses in their respective places; but we must 
now confine our attention to those that compose the 
atmosphere. 

I shall show you another method of decomposing 
the atmosphere, which is very simple. In breath- 
ing we retain a portion of the oxygen, and expire 
the nitrogen gas ; so that if we breathe in a closed 
vessel, for a certain length of time, the air within 
it will be deprived of its oxygen gas. Which of 
you will make the experiment ? 

Caroline. I should be very glad to try it. 

Mrs. B. Very well; breathe several times through 
this glass tube into the receiver with which it is 
connected, until you feel that your breath is ex- 
hausted — 

Caroline. I am quite out of breath already! 

Airs. B. Now let us try the gas with a lighted 
taper — 

Emily. It is very pure nitrogen gas, for the ta- 
per is immediately extinguished. 

Mrs. B. That is not a proof of its being pure, 
but only of the absence of oxygen, as it is that prin- 
ciple alone that can produce combustion, every other 
gas being absolutely incapable of it. 
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Emily. In the methods which you have shown 
us, for decomposing the atmosphere, the oxygen 
always abandons the nitrogen ; but is there no way 
of taking the nitrogen from the oxygen, so as to 
obtain the latter pure from the atmosphere ? 

Mrs. B. You must observe, that whenever oxy- 
gen is taken from the atmosphere, it is by decom- 
posing the oxygen gas: we cannot do the same with 
the nitrogen gas, because nitrogen has a stronger 
affinity for caloric than for any other known prin- 
ciple : it appears impossible therefore to separate it 
from the atmosphere by the power of affinities. But 
if we cannot obtain the oxygen gas by this means, 
in its separate state, we have no difficulty (as you 
have seen) to procure it in its gaseous form, by ta- 
king it from those substances that have absorbed it 
from the atmosphere. This is done by combining 
the oxygen, at a high temperature, with calorie, as 
we did with the oxyd of manganese. 

Emily. Can atmospherical air be recomposed, by 
mixing due proportions of oxygen and nitrogen 
gasses. 

Mrs. B. Yes : if about one-fourth of oxygen 
gas be mixed with three-fourths of nitrogen gas, 
atmospherical air is produced. 

Emily. The air then must be an oxyd of nitrogen? 

Mrs. B. No, my dear; for there must be a che- 
mical combination between oxygen and nitrogen in 
order to produce an oxyd; whilst in the atmosphere 
these two substances are separately combined with 
caloric, forming two distinct gasses, which are sim- 
ply mixed in the formation of the atmosphere.* 

I shall say nothing more of oxygen and nitrogen 
at present, as we shall continually have occasion to 

* This, at least, seems to be the prevailing opinion. Yet it has 
been questioned by some chemists, particularly of late, whether the 
union of oxygen and nitrogen in the atmosphere be not a true che- 
mical combination. 
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refer to them in our future conversations. They 
are both very abundant in nature; nitrogen is the 
most plentiful in the atmosphere, and exists also in 
all animal substances; oxygen forms a constituent 
part, both of the animal and vegetable kingdoms, 
from which it may be obtained by a variety of che- 
mical means. But it is now time to conclude our 
lesson. I am afraid you have learnt more to day 
than you will be able to remember. 

Caroline. I assure you that I have been too much 
interested in it, ever to forget it ; as for nitrogen 
there seems to be but little to remember about it : 
it makes a very insignificant figure in comparison to 
oxygen, although it composes a much larger portion 
of the atmosphere. 

Mrs. B. It will not appear so insignificant when 
you are better acquainted with it; for though it 
seems to perform but a passive part in the atmos- 
phere, and has no very striking properties, when 
considered in its separate state, yet you will see by 
and by what a very important agent it becomes, 
when combined with other bodies. But no more 
of this at present ; we must reserve it for its proper 
place. 



CONVERSATION VI. 
On Hydrogen. 

Caroline. 

The next simple body we come to is hydrogen. 
Pray what kind of a substance is that; is it also in- 
visible ? 
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Mrs. B. Yes j we cannot obtain hydrogen in its 
pure concrete state. We are acquainted with it 
only in its gaseous fornij as we are with oxygen and 
nitrogen. 

Caroline. But in its gaseous state it cannot be 
called a simple substance, since it is combined with 
caloric. 

Mrs. B. True, my dear; but as we do not know 
in nature of any substance which is not more or less 
combined with caloric, we are apt to say (rather in- 
correctly indeed) that a substance is in its pure state, 
when combined with caloric only. 

Hydrogen is derived from two Greek words, the 
meaning of which is to produce water. 

Emily. And how does hydrogen produce water ? 

Mrs. B. Water is composed of 85 parts, by weight, 
of oxygen, chemically combined with 15 parts of 
hydrogen gas, or (as it was formerly called) inflam- 
mable air. 

Caroline. Really ! Is it possible that water should 
be a combination of two gasses, and that one of 
them should be inflammable air ? It must be a most 
extraordinary gas, that will produce both fire and 
water! 

Mrs. B. Hydrogen, I assure you, though a con- 
stituent part of water, is one of the most combus- 
tible substances in nature. 

Emily. But I thought you said that combustion 
could take place in no gas but oxygen ? 

Mrs. B. Do you recollect what the process of 
combustion consists in ? 

Emily. In the combination of a body with oxy- 
gen, with disengagement of light and heat. 

Mrs. B. Therefore, when I say that hydrogen 
is combustible, I mean that it has an affinity for 
oxygen j but like all other combustible substances, 
it cannot burn unless supplied with oxygen, and 
heated to a proper temperature. 
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Caroline. But I cannot conceive how, by mixing 
fifteen parts of it, with eighty-five parts of oxygen 
gas, the two gasses can be converted into water ? 

Mrs. B. The simply mixing these proportions 
ot oxygen and hydrogen gasses, will not produce 
water; because the great quantity of caloric to 
which they owe their gaseous form would prevent 
their bases from coming into contact, and entering 
into chemical combination ; besides, water is a much 
denser fluid than gas, and therefore it is necessary, 
in order to reduce these gasses to a liquid, to dimi- 
nish the quantity of caloric. Can you think of any 
means of accomplishing this ? 

; Caroline. By putting a colder body in contact 
with the gasses, which would take some of their ca- 
loric from them. 

Mrs. B. That would lower the temperature of 
the gas ; but could not affect the caloric that is che- 
mically combined with the basis. 

Caroline. True ; I forgot, that in order to sepa- 
rate caloric from a body with which it is chemically 
combined, a decomposition must take place; but I 
cannot imagine how this is effected. 

Mrs. B. A decomposition can be effected only 
by superior attractions which produce new combi- 
nations. At a certain temperature, oxygen will a- 
bandon its caloric, to combine with hydrogen ; if, 
therefore we raise it to that temperature, the oxygen 
will combine with the hydrogen, and set its own 
caloric at liberty; and it is thus that the combustion 
of hydrogen gas produces water. 

Caroline. You love to deal in paradoxes to-day, 
Mrs. B. — Fire then produces water ! 

Mrs. B. The combustion of hydrogen gas cer- 
tainly does ; but you do not seem to have remem- 
bered the theory of combustion so well as you thought 
you would. Can you tell me what happens in the 
combustion of hydrogen gas ? 



108 

Caroline. The hydrogen gas combines with the 
basis of the oxygen gas, and the caloric of the lat- 
ter is disengaged. — Yes, I think, I understand it 
now> the caloric of the oxygen gas being set at li- 
berty, and the basis of the two gasses coming in 
contact, they combine, and condense into a liquid. 

Emily. But does all the caloric, produced by the 
combustion of hydrogen gas, proceed from the oxy- 
gen gas ? 

Mrs. B. That is a doubtful point •, but I rather 
believe that in this, as probably in every other in- 
stance of combustion, some portion of heat and 
light is disengaged by the combustible itself. 

Emily. Water then, I suppose, when it evapo- 
rates and incorporates with the atmosphere, is de- 
composed and converted into hydrogen and oxygen 
gasses ? 

Mrs. B. No my dear ; there you are quite mis- 
taken : the decomposition of water is totally differ- 
ent from its evaporation ; for in the latter case (as 
you should recollect) water is only in a state of very 
minute division ; and is merely suspended in the at- 
mosphere, without any chemical combination, and 
without any separation of its constituent parts. As 
long as these remain combined, they form water, 
whether in a state of liquidity, or in that of an elas- 
tic fluid, as vapour, or under the solid form of ice. 

In our experiments on latent heat, you may re- 
collect that we caused water Successively to pass 
through these three forms, merely by an increase or 
diminution of caloric, without employing any power 
of attraction, or effecting any decomposition. 

Caroline. But are there no means of decomposing 
water ? 

Mrs. B. Yes, several : charcoal, and metals, 
when heated red hot, will attract the oxygen from 
water in the same manner, as they will from the 
-atmosphere j but in this process there is no disen- 
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gagement of caloric, as that which the oxygen &- 
bandons, instead of becoming sensible, combines 
immediately with the hydrogen, which it converts 
into gas, and carries off in that form. 

Caroline. So, then, the quantity of caloric that 
was employed in maintaining the combined substan- 
ces in a liquid form, is just sufficient to convert the 
hydrogen singly, into a gas. 

Mrs.B. That is a very ingenious inference; but 
I doubt whether it is strictly accurate, as the hot 
body (whether charcoal or metal) by means of which 
the water is decomposed, supplies, in cooling, a por- 
tion of the caloric which enters into the formation 
of the gas. 

Emily. Water, then, may be resolved into a solid 
substance and a gas; the oxygen being condensed 
into a solid, by the loss of caloric, and the hydro- 
gen expanded into a gas, by the acquisition of it. 

Mrs. B. Very well ; but remember that the 
basis of the oxygen gas, or what you call solid oxy- 
gen, can never be obtained alone ; it can be sepa- 
rated from the hydrogen only by combining it with 
some other body for which it has a greater affinity. 

Caroline. Hydrogen, I see, is like nitrogen, a 
poor dependant friend of oxygen, which is conti- 
nually forsaken for greater favourites. 

Mrs. B. The connection, or friendship, as you 
choose to call it, is much more intimate between 
oxygen and hydrogen, in the state of water, than 
between oxygen and nitrogen, in the atmosphere : 
for in the first case, there is a chemical union and 
condensation of the two substances ; in the latter 
they are simply mixed together in their gaseous state. 
You will find, however, that, in some cases, nitrogen 
is quite as intimately connected with oxygen, as hy- 
drogen is. — But this is foreign to our present subject. 

Emily. Water, then, is an oxyd, though the at" 
-mospherical air is not ? 
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Mrs. B. It is not commonly called an oxyu. 
though according to our definition, it may, no doubt, 
be referred to that class of bodies. 

Caroline. I should like extremely to see water 
decomposed. 

Mrs. B. I can easily gratify your curiosity by a 
much more easy process than the oxydation of char- 
coal or metal ; the decomposition of water by these 
latter means, take up a great deal of time, and is 
attended with much trouble; for it is necessary that 
the charcoal or metal should be made red hot in a 
furnace, that the water should pass over them in a 
state of vapour, that the gas formed should be col- 
lected over the water- bath, &c. In short it is a ve- 
ry complicated affair. But the same effect may be 
produced with the greatest facility, by adding some 
sulphuric acid (a substance with the nature of which 
you are not yet acquainted), to the water which the 
metal is to decompose. The acid disposes the me- 
tal to combine with the oxygen of the water so rea- 
dily and abundantly, that no heat is required to 
hasten the process. Of this I am going to show 
you an instance. — I put into this bottle the water 
that is to be decomposed, the metal that is to effect 
that decomposition by combining with the oxygen, 
and the acid which is to facilitate the combination 
of the metal and the oxygen. You will see with 
what violence these will act on each other. 

Caroline. But what metal is it that you employ 
for this purpose ? 

Mrs. B. It is iron •, and it is used in the state 
of filings, as these present a greater surface to the 
acid than a solid piece of metal. For, as it is the 
surface of the metal which is acted upon by the acid, 
and is disposed to receive the oxygen produced by 
the decomposition of the water, it necessarily fol- 
lows that the greater is the surface, the more con- 
siderable is the effect. The bubbles which are now 
rising are hydrogen gas — 
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Caroline. How disagreeably it smells ! 

Mrs. B. It is indeed unpleasant, but not un- 
wholesome. We shall not, however, suffer any more- 
to escape, as it will be wanted for experiments. I 
shall therefore collect it in a glass receiver, by ma- 
king it pass through this bent tube, which will con- 
duel it into the water-bath. (Plate VI. Fig. 11.) 

Emily. How very rapidly the gas escapes ! it is 
perfectly transparent, and without any. colour what- 
ever. — Now the receiver is full — ^ 

Mrs. B. We shall therefore remove it and sub- 
stitute another in its place. But you must observe, 
that when the receiver is full, it is necessary to keep 
it inverted with the mouth under water, otherwise 
the gas would escape. And in order that it may 
not be in the way, I introduce within the bath, un- 
der the water, a saucer, into which I slide the re- 
ceiver, so that it can be taken out of the bath and 
conveyed any where, the water in the saucer being 
equally effectual in preventing its escape as that in 
the bath. (Plate VI. Fig. 12.) 

Emily. I am quite surprised to see what a large 
quantity of hydrogen gas can be produced by such 
a small quantity of water, especially as oxygen is 
the principal constituent of water. 

Mrs. B. In weight it is: but not in volume. For 
though the proportion, by weight, is nearly six parts 
of oxygen to one of hydrogen, yet the proportion 
of the volume of the gasses, is about one pas* of 
oxygen, to two of hydrogen ; so much heavier is 
the former than the latter. 

Caroline. But why is the vessel in which the wa- 

Plate VI. 
Fig. ii, Apparatus for preparing and collecting hydrogen ga?. 
Fig. 12. Receiver full of hydrogen gas inverted over water. Fig.j*. 
Slow combustion of hydrogen gas. Fig. 14. Apparatus for illus- 
trating the formation of water by the combustion or' hydrogen gas. 
Fig. 15. Auparatus for producing harmonic sounds by the combus- 
tion of hydrogen ga?. 
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ter is decomposed so hot ? As the water changes 
from a liquid to a gaseous form, cold should be pro- 
duced instead of heat. 

Mrs. B. No ; for if one of the constituents of 
water is converted into a gas, the other becomes so- 
lid in combining with the metal ; and the caloric 
which the oxygen loses by being thus rendered so- 
lid, is just sufficient to transform the hydrogen into 
a gas. 

Emily. In this case, neither heat nor cold would 
be produced ; for the caloric disengaged from the 
oxygen, being immediately combined with the hy- 
drogen, cannot become sensible ? 

Mrs. B. That is very true ; but the sensible 
heat which is disengaged in this operation is not 
owing to the decomposition of the water, but to an 
extrication of latent heat produced by the mixture 
of water and sulphuric acid, as you saw in a former 
experiment. 

If I now set the hydrogen gas, which is contain- 
ed in this receiver, at liberty all at once, and kindle 
it as soon as it comes in contact with the atmos- 
phere, by presenting it to. a candle, it will so sud- 
denly and rapidly decompose the oxygen gas, by 
combining with its basis, that an explosion, or a de- 
tonation as (chemists commonly call it), will be pro- 
duced. For this purpose, I need only take up the 
receiver, and quickly present its open mouth to the 
candle so 

Caroline. It produced only a sort of hissing noise, 
with a vivid flash of light. I had expected a much 
greater report. 

Mrs. B. . And so it would have been, had the 
gasses been closely confined at the moment they 
were made to explode. If for instance, we were to 
put in this bottle a mixture of hydrogen gas and 
atmospheric air ; and if, after corking the bottle, we 
should kindle the mixture by a very small orifice, 
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from the sudden dilatation of the gasses at the mo- 
ment of their combination, the bottle must either 
fly to pieces, or the cork be blown out with consi- 
derable violence. 

Caroline. But in the experiment which we have 
just seen, if you did not kindle the hydrogen gas, 
would it not equally combine with the oxygen ? 

Mrs. B. Certainly not ; have I not just explain- 
ed to you the necessity of the oxygen and hydrogen 
gasses being burnt together, in order to combine 
chemically and produce water ? 

Caroline. That is true ; but I thought this was a 
different combination, for I see no water produced. 

Mrs. B The water produced by this detonation 
was so small in quantity, and in such a state of mi- 
nute division, as to be invisible. But water certain- 
ly was produced ; for oxygen is incapabi«s^of combi- 
ning with hydrogen in any other proportions than 
those that form water ; therefore water must always 
be the result of their combination. 

If, instead of bringing the hydrogen gas into sud- 
den contact with the atmosphere (as we did just now) 
so as to make the whole of it explode the moment 
it is kindled, we allow but a very small surface of 
gas to burn in contact with the atmosphere, the 
cop'bustion goes- on quietly and gradually at the 
point of contact, without any detonation, because 
the surfaces brought together are too small for the 
immediate union of gasses. The experiment is a 
very easy one. This phial with a narrow neck, 
(Plate VI. Fig. 13.), is full of hydrogen gas, and is 
carefully corked. If 1 take out the cork, without 
moving the phial, and quickly approach the candle 
to the orifice, you will see how different the result 
will be — 

Emily How prettily it burns, with a blue flame! 
The flame is gradually sinking within the phial— 
K 2 
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..now it has entirely disappeared. But does not this 
-combustion likewise produce water ? 

Mrs. B. Undoubtedly. In order to make the 
formation of water sensible to you, I shall procure 
a fresh supply of hydrogen gas, by putting into this 
bottle {Plate VI. Fig. 14.) iron tilings, water, and 
sulphuric acid, materials similar to those which we 
have just used for the same purpose. I shall then 
cork up the bottle, leaving only a small orifice in the 
cork, with a piece of glass tube fixed to it, through 
which the gas will issue in a continued rapid stream. 

Caroline. I hear already the hissing of the gas 
through the tube, and I can feel a strong current 
against my hand. 

Mrs. B. This current I am going to kindle with 
the candle — -see how vividly it burns — 

Emily. It burns like a candle with a long flame. 
— But why does this combustion last so much longer 
than in the former experiment ? 

Mrs. B. The combustion goes on uninterrupt- 
edly as long as the new gas continues to be produ- 
ced. Now if I invert this receiver over the flame, 
you will soon perceive its internal surface covered 
with a very fine dew, which is pure water — 

Caroline. Yes, indeed ; the glass is now quite 
dim with moisture ! How glad I am that we can see 
the water produced by this combustion. 

Emily. It is exactly what I was anxious to see ; 
for I confess I was a little incredulous. 

Airs. B. If I had not held the glass-bell over the 
flame, the water would have escaped in the state of 
vapour, as it did in the former experiment. We 
have here, of course, obtained but a very small 
quantity of water; but the difficulty of procuring a 
proper apparatus, with sufficient quantities of gas- 
ses, prevents my shewing it to you on a larger scale. 

The composition of water was discovered about 
the same period, both by Mr. Cavendish, in this 
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country, and by the celebrated French chemist La- 
voisier. The latter invented a very perfect and in- 
genious apparatus to perform with great accuracy, 
and upon a large scale, the formation of water "by 
the combination of oxygen and hydrogen gasses. 
Two tubes, conveying due proportions, the one of 
oxygen, the other of hydrogen gas, are inserted at 
opposite sides of a large globe of glass, previously 
exhausted of air ; the two streams of gas are kindled 
within the globe, by the electric spark, at the point 
where they come in contact; they burn together, 
that is to say, the hydrogen gas combines with the 
basis of the oxygen gas, the caloric of which is set 
at liberty; and a quantity of water is produced, ex- 
actly equal in weight to that of the two gasses in- 
troduced into the globe. 

Caroline. And what was the greatest quantity of 
water ever formed in this apparatus ? 

Mrs. B. Several ounces ; indeed, very near a 
pound, if I recollect right ; but the operation lasted 
many days. 

Emily. This experiment must have convinced all 
the world of the truth of the discovery. Pray, if 
improper proportions of the gasses were mixed and 
set fire to, what would be the result ? 

Mrs. B. Water would equally be formed, but 
there woyld be a residue of either one or other of 
the gasses, because, as I have already told you, hy- 
drogen and oxygen will combine only in the propor- 
tions requisite for the formation of water. 

There is another curious effect produced by the 
combustion of hydrogen gas, which I shall shew 
you, though I must acquaint you first, that I can- 
not well explain the cause of it. For this purpose, 
I must put some more materials into our apparatus, 
in order to obtain a stream of hydrogen gas, just as 
we have done before. The process is already going 
on, and the gas is rushing through the tube — I shall 
now kindle it with the taper. 
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Emily. It burns exactly as it did before What 

is the curious erlx-dT: which you were mentioning ? 

Mrs. B. Instead ot the receiver, by means of 
which we have just seen the drops of water form, 
we shall invert over the flame this piece of tube, 
which is about two feet in length, and one inch in 
diameter [Plate VI. Fig. 15.).; but you must observe 
that it is open at both ends. 

Emily. What a strange noise it makes! some- 
thing like the iEolian harp, but not so sweet. 

Caroline. It is very singular, indeed ; but I think 
rather too powerful to be pleasing. And is not this 
sound accounted for ? 

Mrs. B. That the percussion of glass, by a ra- 
pid stream of gas, should produce a sound, is not 
extraordinary •, but the sound here is so peculiar, 
that no other gas has a similar effect. Perhaps it is 
owing to a brisk vibratory motion of the glass occa- 
sioned by the successive formation and condensation 
of small drops of water on the sides of the glass 
tube, and the air rushing in to replace the vacuum 
formed * 

Caroline. How very much this flame resembles 
the burning of a candle. 

Mrs. B. The burning of a candle is produced 
by much the same means. A great deal of hydro- 
gen is contained in candles, whether of tallow or 
wax. This hydrogen being "converted into gas by 
the heat of the candle, combines with the oxygen 
of the atmosphere, and flame and water result from 
this combination. So that, in hCt, the flame of a 
candle is nothing but the combustion of hydrogen 
gas. An elevation of temperature, such as is pro- 
duced by a lighted match or taper, is required to 
give the first impulse to the combustion 5 but after- 



* This ingenirus explanation was first suggested by Dr. Delaijv?, 
See Journals of the Royal Institution, vol. i. p. 259. 



117 

wards it goes on of itself, because the candle finds 
a supply of caloric in the successive quantities of 
chemical heat which become sensible by the combina- 
tion of the two gasses. But there are other acces- 
sory circumstances connected with the combustion 
of candles and lamps, which I cannot explain to you 
till you are acquainted with carbone, which is one of 
their constituent parts. In general, however, when- 
ever you see flame, you may infer that it is owing 
to the formation and burning of hydrogen gas; for 
flame is the peculiar mode of burning of hydrogen 
gas, which, with only one or two apparent excep- 
tions, does not belong to any other combustible. 

Emily. You astonish me! I understood that flame 
was the caloric abandoned by the basis of the oxy- 
gen gas, in all combustions whatever ? 

Mrs. B. Your error proceeded from your vague 
and incorrect idea of flame -, you have confounded 
it with light and caloric in general. Flame always 
implies caloric, since it is produced by the combus- 
tion of hydrogen gas ; but all caloric does not im- 
ply flame. Many bodies burn with intense heat 
without producing flame. Coals, for instance, burn 
with flame until all the hydrogen which they con- 
tain is evaporated ; but when they afterwards be- 
come red hot, much more caloric is disengaged than 
when they produce flame. 

Caroline. But the iron wire, which you burnt in 
oxygen gas, appeared to me to omit flame ; yet as 
it was a simple metal, it could contain no hydrogen? 

Mrs. B. It produced a sparkling dazzling blaze 
of light, but no real flame. 

Emily. And what is the cause of the regular 
shape of the flame of a candle ? 

Mrs. B. The regular stream of hydrogen gas 
which exhales from its combustible matter. 

Caroline. But the hydrogen gas must from its 
great levitv, ascend into the upper regions of the 
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atmosphere ; why therefore does not the flame con- 
tinue to accompany it ? 

Mrs. B. The combustion of the hydrogen gas 
is completed at the point where the flame termi- 
nates ; it then ceases to be hydrogen gas, as it is 
converted by its combustion into watery vapour; but 
in a state of such minute division as to be invisible. 

Caroline. I do not understand what is the use of 
the wick of a candle ; since the hydrogen gas burns 
so well without it ? 

Airs. B. The combustible matter of the candle 
must be decomposed in order to emit the hydrogen 
gas, and the wick is instrumental in effecting this 
decomposition. Its combustion first melts the com- 
bustible matter, and 

Caroline. But in lamps the combustible matter is 
already fluid, and yet they also require wicks ? 

Mrs. B. I was going to add that, afterward?, 
the burning wick (by the power of capillary attrac- 
tion) gradually draws up the fluid to the point where 
combustion takes place ; for you must have obser- 
ved, that the wick does not burn quite to the bot- 
tom. 

Caroline. Yes; but I do not understand why it 
does not. 

Mrs. B. Because the air has not so free an ac<- 
cess to that part of the wick which is immediately 
in contact with the candle, as to the part just above, 
so that the heat there is not sufficient to produce its 
decomposition ; the combustion therefore begins a 
little above this point. — But we dwell too long on a 
subject which you cannot yet thoroughly under- 
stand.— I have another experiment to shew you with 
hydrogen gas, which I think will entertain you. 
Have you ever blown bubbles with soap and water? 

Emily. Yes, often, when I was a child; and I 
used to make them float in the air by blowing them 
upwards. 



^ 




q 



il9 

Mrs. B. We shall fill some such bubbles with 
hydrogen gas, instead of atmospheric air, and you 
will see with what ease and rapidity they will ascend, 
without the assistance of blowing, from the light- 
ness of the gas. — Will you mix some soap and wa- 
ter whilst I fill this bladder with the gas contained 
in the receiver which stands on the shelf in the wa- 
ter-bath. 

Caroline. What is the use of the brass stopper 
and turn-cock at the top of the receiver ? 

Mrs. B. It is to afford a passage to the gas when 
required. There is, you see, a similar stop-cock 
fastened to this bladder, which is made to fit that 
on the receiver. I screw them one on the other, 
and now turn the two cocks, to open a communica- 
tion between the receiver and the bladder; then, by 
sliding the receiver off the shelf, and gently sink- 
ing it into the bath, the water rises in the receiver 
and forces the gas into the bladder. [Plate VII. 
i% 16.) 

Caroline. Yes, I see the bladder swell as the wa- 
ter rises in the receiver. 

Mrs. B. I think that we have already a suffici- 
ent quantity in the bladder for our purpose ; we 
must be careful to stop both the cocks before we 
separate the bladder from the receiver, lest the gas 
should escape. — Now I must fix a pipe to the stop- 
per of the bladder, and, by dipping its mouth into 
the soap and water, take up a few drops — then I 
again turn the cock, and squeeze the bladder in or- 
der to force the gas into the soap and water at the 
mouth of the pipe. {Plate VII. Fig. 17.) 

Emily. There is a bubble — but it bursts before 
it leaves the mouth of the pipe. 

Mrs. B. We must have patience and try again; 

Plate VJI. 
iFig. 16. Apparatus for transferring gasses from a receiver into a 
bladder. Fig. 17. Apparatus for blowing soap bubbles. 
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It is not so easy to blow bubbles by means of a blad- 
der, as simply with the breath. 

Caroline. Perhaps there is not soap enough in 
the water; I should have had warm water, it would 
have dissolved the soap better. 

Emily. Does not some of the gas escape between 
the bladder and the pipe ? 

Mrs. B. No, they are perfectly air-tight; we shall 
succeed presently, I dare say. 

Caroline. Now a bubble ascends; it moves with 
the rapidity of a balloon. How beautifully it refracts 
the light ! 

Emily. It has burst against the ceiling — you suc- 
ceed now wonderfully ; but why do they all ascend 
and burst against the ceiling ? 

Mrs. B. Hydrogen gas is so much lighter than 
atmospherical air, that it ascends rapidly with its 
very light envelope, which is burst by the force 
with which it strikes the ceiling. 

Air balloons are filled with this gas, and if tkey 
carried no other weight than their covering, would 
ascend as rapidly as these bubbles. 

Caroline. Yet their covering must be much hea- 
vier than that of these bubbles ? 

Mrs. B. Not in proportion to the quantity of 
gas they contain. I do not know whether you have 
ever been present at the filling of a large balloon. 
The apparatus for that purpose is very simple. It 
consists of a number of vessels, either jars or bar- 
rels, in which the materials for the formation of 
the gas are mixed, each of these being furnished 
with a tube, and communicating with a long flexible 
pipe, which conveys the gas into the balloon. 

Emily. But the fire balloons which were first 
invented, and have been since abandoned, on ac- 
count of their being so dangerous, were construct- 
ed, I suppose, on a different principle. 

Mrs. B. They were filled simply with atmo. c - 
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pherical air, considerably rarefied, and the 'necessi- 
ty of having a fire underneath the balloon, in order 
to preserve the rarefaction of the air within it, was 
the circumstance productive of so much danger. 

If you are not yet tired of experiments, I have 
another to shew you. It consists in filling soap 
bubbles with a mixture of hydrogen and oxygen 
gasses, in the proportions that form water; and af- 
terwards setting fire to them. 

Emily. They will detonate, I suppose ? 

Mrs. B. Yes, they will. As you have seen the 
method of transferring the gas from the receiver 
into the bladder it is not necessary to repeat it. I 
have, therefore, provided a bladder which contains 
a due proportion of oxygen and hydrogen gasses, 
and we have only to blow bubbles with it. 

Caroline. Here is a fine large bubble 1 rising — 
shall I set fire to it with the candle ? 

Airs. B. If you please .... 

Caroline. Heavens, what an explosion! — It was 
like the report of a gun : I confess it frightened me 
much, I never should have imagined it could be so 
loud. 

Emily. And the flash was as vivid as lightning. 

Mrs. B. The combination of the two gasses 
takes place during that instant of time that you see 
the flash, and hear the detonation. 

Emily. This has a strong resemblance to thun- 
der and lightning. 

Mrs. B. These phenomena, however, are most 
probably of an electrical nature. Yet various me- 
teorological effects may be attributed to accidental 
detonations of hydrogen gas in the atmosphere; for 
nature abounds with hydrogen ; it constitutes a ve- 
ry considerable portion of the whole mass of water 
belonging to our globe, and from that source, al- 
most every other body obtains it. It enters into 
the composition of all animal substances, and of a 
L 
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great number of minerals ; but it is most abundant 
in vegetables. From this immense variety of bo- 
dies, it is often spontaneously disengaged ; its great 
levity makes it rise into the superior regions of the 
atmosphere, and when, either by an eleflric spark, 
or any casual elevation of temperature, it takes fire, 
it may produce such meteors or luminous appearan- 
ces as are occasionally seen in the atmosphere. Of 
this kind are probably those broad flashes which we 
often see on a summer evening, without hearing 
any detonation. 

Emily. Every flash I suppose, must produce a 
quantity of water ? 

Caroline. And this water, naturally, descends in 
the form of rain ? 

Mrs. B. That probably is often the case, though 
it is not a necessary consequence; for the water may 
be dissolved by the atmosphere, as it descends to- 
wards the lower regions, and remain there in the 
form of clouds. — But pray do not question me too 
closely on this subject, for the phenomena of the at- 
mosphere are not yet well understood ; and even 
with the little that is known I am but imperfectly 
acquainted. 



CONVERSATION VII. 

On Sulphur and Phosphorus. 



Mrs. B. 

Sulphur is the next simple substance that comes 
under our consideration. It differs in one essential 
point from the preceding, as it exists in a solid form 
at the temperature of -the atmosphere. 
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Caroline. I am glad that we have at last a solid 
body to examine ; one that we can see and touch. 
Pray, is it not with sulphur that the points of match- 
es are covered to make them easily kindle ? 

Mrs. B. Yes, it is ; and you therefore already 
know that sulphur is a very combustible substance. 
It is seldom discovered in nature in a pure unmixed 
state ; so great is its affinity for other substances, 
that it is almost constantly found combined with 
some of them. It is most commonly united with 
metals, under various forms, and is separated from 
them by a very simple process. It exists likewise 
in many mineral waters, and some vegetables yield 
it in various proportions, especially those of the 
cruciform tribe. It is also found in animal matter ; 
in short, it may be discovered in greater or less 
quantity, in the mineral, vegetable, and animal king- 
doms. 

Emily. I have heard oijloxvers of sulphur, are they 
the produce of any plant ? 

Mrs. B. By no means : they consist of nothing 
more than common sulphur reduced to a very fine 
powder by a process called sublimation. — You see 
some of it in this phial; it is exactly the same sub- 
stance as this lump of sulphur, only its colour is a 
paler yellow, owing to its state of very minute di- 
vision. 

Emily. Pray what is sublimation ? 
Mrs. B. It is the evaporation, or, more proper- 
ly speaking, the volatilization of solid substances, 
which, in cooling, condense again in a concrete 
form. The process, in this instance, must be per- 
formed in a closed vessel, both to prevent combus- 
tion, which would take place if the access of air 
was not carefully precluded, and likewise in order 
to collecl: the substance after rhe operation. As it 
is rather a slow process, we shall not try the expe- 
riment now; but you will understand it perfectly if 
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I show you the apparatus used for the purpose. — 
{Plate VIII. Fig. 18.) Some lumps of sulphur are 
put into a receiver of this kind, which is called a 
cucurbit* Its shape, you see somewhat resembles 
that of a pear, and it is open at the top so as to a- 
dapt itself exactly to a kind of conical receiver of 
this sort called the head. The cucurbit, thus co- 
vered with its head, is placed over a sand-bath; thij 
is nothing more than a vessel full of sand, which is 
kept heated by a furnace, such as you see here, so 
as to preserve the apparatus in a moderate and uni- 
form temperature. The sulphur then soon begins 
to melt, and immediately after this, a thick white 
smoke rises, which is gradually deposited within the 
head, or upper part of the apparatus, where it con- 
denses against the sides, somewhat in the form of a 
vegetation, whence it has obtained the name of 
flowers of sulphur. This apparatus* which is called 
an alembic, is highly useful in all kinds of distilla- 
tions, as you will -see when we come to treat of those 
operations. Alembics are not commonly made of 
glass, like this, which is applicable only to distilla- 
tions upon a very small scale. Those used in ma- 
nufactures are generally made of copper, and are, 
of course, considerably larger. The principal con- 
struction, however, is always the same, although 
their shape admits of some variation. 

Caroline. "What is the use of that neck, or tube, 
which bends down from the upper piece of the ap- 
paratus ? 

Mrs. B. It is of no use in sublimations ; but in 
distillations (the general object of which is to eva- 



Plate viii. 
Fig. 18. A. Alembic. B. Sand-bath. C. Furnace. Fig. 19, 
Eudiometer. Fig. 20. A. Retort containing water. B. Lamp to 
heat the water. C.C. Porcelain tube containing Carbone. D. Fur- 
nace through which the tube passes. E. Receiver for the gas pro- 
duced. F. Water-bath. 
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porate, by heat, in closed vessels, the volatile parts 
of a compound body, and to condense them again 
into a liquid), it serves to carry off the condensed 
fluid, which otherwise would fall back into the cu- 
curbit. But this is rather foreign to our present 
subject. Let us return to the sulphur. You now 
perfectly understand, I suppose, what is meant by 
sublimation ? 

Emily. I believe I do. Sublimation appears to 
consist in destroying, by means of heat, the attrac- 
tion of aggregation of the particles of a solid body, 
which are thus volatilized ; and as soon as they lose 
the caloric which produced that effect, they are de- 
posited in the form of a fine powder. 

Caroline. It seems to me to be somewhat similar 
to the transformation of water into vapour, which 
returns to its liquid state when deprived of caloric. 

Emily. There is this difference, however, that 
the sulphur does not return to its former state, since, 
instead of lumps, it changes to a fine powder. 

Mrs. B. Chemically speaking, it is exactly the 
same substance, whether in the form of lump or 
powder. For if this powder be melted again by 
heat, it will in cooling, be restored to the same so- 
lid state in which it was before its sublimation 

Caroline. But if there be no real change produ- 
ced by the sublimation of the sulphur, what is the 
use of that operation ? 

Mrs. B. It divides the sulphur into very mi- 
nute parts, and thus disposes it to enter more rea- 
dily into combination with other bodies. It is used 
also as a means of purification. 

Caroline. Sublimation appears to me like the be- 
ginning of combustion, for the completion of which 
one circumstance only is wanting, the absorption of 
oxygen. 

Mrs. B. But that circumstance is every thing. 
No essential alteration is produced in sulphur by sub- 
L 2 



126 

iimation ; whilst in combustion it combines with the 
oxygen and forms a new compound totally different 
in every respect from sulphur in its pure state, — We 
shall now burn some sulphur, and you will see how 
very different the result will be. For this purpose 
I put a small quantity of flowers of sulphur into 
this cup, and place it in a dish, into which I have 
poured a little water ; I now set fire to the sulphur 
with the point of this hot wire ; for its combustion 
will not begin unless its temperature be considera- 
bly raised. — You see that it burns with a faint blueish 
flame ; and as I invert over it this receiver, white 
fumes arise from the sulphur and fill the vessel. — 
Y"ou will soon perceive that the water is rising with- 
in the receiver, a little above its level in the plate. 
—Well, Emily, can you account for this ? 

Emily. I suppose that the sulphur has absorbed 
the oxygen from the atmospherical air within the 
receiver ; and that we shall find some oxygenated 
sulphur in the cup. As for the white smoke, I am 
quite at a loss to guess what it may be. 

Mrs.B. Your first conjecture is very right; but 
you are quite mistaken in the last; for nothing will 
be left in the cup. The white vapour is the oxyge- 
nated sulphur, which assumes the form of an elas- 
tic fluid of a pungent and offensive smell, and is a 
uowerful acid. Here you see a chemical combina- 
tion of oxygen and sulphur t producing a true gas, 
which would continue such under the pressure and 
at the temperature of the atmosphere, if it did not 
unite with the water in the plate, to which it imparts 
its acid taste and all its acid properties. — You see, 
now, with what curious effects the combustion of 
sulphur is attended. 

Caroline. This is something quite new ; and I 
confess that I do not perfectly understand why the 
sulphur turns acid. 

Mrs. B A It is because it unites with oxygen. 
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which is the general acidifying principle. And, in- 
deed, the word oxygen, is derived from two Greek 
words signifying to produce an acid. 

Caroline. Why then is not water, which contains 
such a quantity of oxygen, acid ? 

Mrs. B. Because hydrogen, which is the other 
constituent of water, is not susceptible of acidifica- 
tion. I believe it will be necessary, before we pro- 
ceed further, to say a few words of the general na- 
ture of acids, though it is rather a deviation from 
our plan of examining the simple bodies separately, 
before we consider them in a state of combination. 

Acids may be considered as a peculiar class of 
burnt bodies, which, during their combustion, or 
combination with oxygen, have acquired very cha- 
racteristic properties. They are chiefly discernible 
by their sour taste, and by turning red most of the 
blue vegetable colours. These two properties are 
common to the whole class of acids-, but each of 
them is distinguished by other peculiar qualities. 
Every acid consists of some particular substance 
(which constitutes its basis, and is different in each), 
and of oxygen, which is common to them all. 

Emily. But I do not clearly see the difference 
between acids and oxyds ? 

Mrs. B. Acids were, in fact, oxyds, which, by 
the addition of a sufficient quantity of oxygen, have 
been converted into acids. For acidification, you 
must observe, always implies previous oxydation, as 
a body must have combined with the quantity of 
oxygen requisite to constitute it an oxyd, before it 
can combine with the greater quantity that is neces- 
sary to render it an acid. 

Caroline. Are all oxyds capable of being con- 
verted into acids ? 

Mrs. B. Very far from it ; it is only certain 
substances which will enter into that peculiar kind 
of union with oxygen that produces acid?, and the 
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number of these is proportionally very small ; but 
ail burnt bodies may be considered as belonging ei- 
ther to the ciass of oxyds, or to that of acids. At 
a future period, we shall enter more at large into 
this subject. At present, I have but one circum- 
stance further to point out to your observation res- 
pecting acids : it is, that most of them are suscepti- 
ble of two degrees of acidification, according to the 
different quantities of oxygen with which their ba- 
sis combines. 

Emily. And how are these two degrees of acidi- 
fication distinguished ? 

Mrs. B. By the peculiar properties that result 
from them. The acid we have just made is the 
first or weakest degree of acidification, and is called 
sulphurous acid ; if it were fully saturated with oxy- 
gen, it would be called sulphuric acid. You must 
therefore remember, that in this, as in all acids, the 
first degree of acidification is expressed by the ter- 
mination in ous : the stronger, by the termination 
in ic. 

Caroline. And how is the sulphuric acid made? 

Mrs. B. By burning sulphur in pure oxygen 
gas, and thus rendering its combustion much more 
complete. I have provided some oxygen gas for 
this purpose ; it is in that bottle, but we must first 
decant the gas into the glass receiver which stands 
on the shelf in the bath, and is full of water. 

Caroline. Pray, let me try to do it, Mrs. B? 

Mrs. B. It requires some little dexterity — hold 
the bottle completely under water, and do not turn 
the mouth upwards, till it is immediately under the 
aperture in the shelf, through which the gas is to 
pass into the receiver, and then turn it up gradual- 
ly. — Very well, you have only let a few bubbles es- 
cape, and that must be expected at a first trial. — 
Now I shall put this piece of sulphur into the re- 
ceiver, through the opening at the top, and intrc- 
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duce along with it a small piece of lighted tinder to 
set fire to it. This requires being done very quick- 
ly, lest the atmospherical air should get in, and mix 
with the pure oxygen gas. 

Emily. How beautifully it burns! 

Caroline. But it is already buried in the thick 
vapour. This I suppose is sulphuric acid ? 

Emily. Are these acids always in a gaseous state? 

Mrs. B. Sulphurous acid, as we have already ob- 
served, is a permanent gas, and can be obtained in 
a liquid form only by condensing it in water. In its 
pure state, the sulphurous acid is invisible, ,and it 
appears in the form of a white smoke, only from its 
combining with the moisture. But the vapour of 
sulphuric acid, which you have just seen to rise du- 
ring the combustion, is not a gas, but only a vapour, 
which condenses into liquid sulphuric acid, merely 
by losing its caloric. And this condensation is much 
hastened and promoted by receiving the vapour into 
cold water; which may afterwards be separated from 
the acid by evaporation. 

Before we quit the subject of sulphur, I must tell 
you that it is susceptible of combining with a great 
variety of substances, and especially with hydrogen, 
with which you are already acquainted. Hydrogen 
gas can dissolve a small portion of it. 

Emily. What; can a gas dissolve a solid substance? 

Mrs. B. Yes; a soiid substance may be so mi- 
nutely divided by heat, as to become soluble in a 
gas; and there are several instances of it. But you 
must observe that, in this case, a chemical solution, 
that is to say, a combination of the sulphur with the 
hydrogen gas, is produced. In order to effect this, 
the sulphur must be strongly heated in contact with 
the gas; the heat reduces the sulphur to such a state 
of extreme division, and diffuses it so thoroughly 
through the gas, that they combine and incorporate 
together. And as a proof that there must be a 
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chemical union between the sulphur and the gas, it 
is sufficient to remark, that they are not separated 
when the sulphur loses the caloric by which it was 
volatilized. Besides, it is evident, from the pecu- 
liar fetid smell of this gas, that it is a new compound 
totally different from either of its constituents; it is 
called sulphurated hydrogen gas, and is contained in 
great abundance in sulphurous mineral waters. 

Caroline. Are not the Harrogate waters of this 
nature ? 

Mrs. B. Yes ; they are naturally impregnated 
with sulphurated hydrogen gas, and there are many 
other springs of the same kind ; which shews that 
this gas must often be formed in the bowels of the 
earth by spontaneous processes of nature. 

Caroline. And could not such waters be made 
artificially by impregnating common water with this 
gas? 

Mrs. B. Yes ; they can be so well imitated as 
perfectly to resemble the Harrogate waters. 

Sulphur combines likewise with phosphorus, and 
with the alkalies, and alkaline earths, substances 
with which you are yet unacquainted. We cannot, 
therefore, enter into these combinations at present. 
In our next lesson we shall treat of phosphorus. 

Emily. May we not begin that subject to-day ; 
this lesson has been so short ? 

Mrs. B. I have no objection, if you are not tired. 
What do you say, Caroline ? 

Caroline. I am as desirous as Emily of prolong- 
ing the lesson to-day, especially as we are to enter 
on a new subject ; for I confess that sulphur has not 
appeared to me so interesting as the other simpl e 
bodies. 

Mrs. B. Perhaps you may find phosphorus more 
entertaining. You must not, however, be discou- 
raged when you meet with some parts of a study 
less amusing than others ; it would answer no good 
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purpose to select: the most pleasing parts, since, if 
we did not proceed with some method, in order to 
acquire a general idea of the whole, we could scarce- 
ly expect to take interest in any particular subject 



PHOSPHORUS. 

Phosphorus is a simple substance that was for- 
merly unknown. It was first discovered by Brandt, 
a chemist of Hamburgh, whilst employed in re- 
searches after the philosopher's stone ; but the me- 
thod of obtaining it remained a secret till it was a 
second time discovered both by Kunckel and Boyle, 
in the year 1680. You see a specimen of phospho- 
rus in this phial ; it is generally moulded into small 
sticks of a yellowish colour, as you find it here. 

Caroline. I do not understand in what the disco- 
very consisted ; there may be a secret method of 
making a composition, but a simple body cannot be 
made, it can only be found. 

Mrs. B. But a body may exist in nature so close- 
ly combined with other substances, as to elude the 
observation of chemists, or render it extremely dif- 
ficult to obtain it in its simple state. This is the 
case with phosphorus, which is always so intimately 
combined with other substances, that its existence 
remained unnoticed till Brandt discovered the means 
of obtaining it free from all combinations. It is 
found in all animal substances, and is now chiefly 
extracted from bones, by a chemical process. It 
exists also in some plants, that bear a strong analo- 
gy to animal matter in their chemical composition. 
Emily. But is it never found in its simple state? 
Mrs. B. Never, and this is the reason of its ha- 
ving remained so long undiscovered. 
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Emily. It is possible, then, that in course of time 
other new simple bodies may be discovered ? 

Mrs. B. Undoubtedly ; and we may also learn 
that some of those, which we now class among the 
simple bodies, may, in facl, be compound *, indeed, 
you will soon find that discoveries of this kind are 
by no means unfrequent. 

Phosphorus is eminently combustible ; it melts 
and takes fire at the temperature of 100°, and ab- 
sorbs in its combustion nearly once and a half its 
own weight of oxygen ? 

Caroline. What ! will a pound of phosphorus 
consume a pound and a half of oxygen ? 

Mrs. B. So it appears from accurate experiments. 
I can show you with what violence it combines with 
oxygen, by burning some of it in that gas. We 
must manage the experiment in the same manner as 
we did the combustion of sulphur. — You see I am 
obliged to cut this little bit of phosphorus under 
water, otherwise there would be danger of its taking 
fire by the heat of my fingers. — I now put it into 
the receiver, and kindle it by means of a hot wire. 

Emily. What a blaze ! I can hardly look at it. 
I never saw any thing so brilliant. Does it not hurt 
your eyes, Caroline ? 

Caroline. Yes ; but still I cannot help looking at 
it. A prodigious quantity of oxygen must indeed 
be absorbed, when so much light and caloric are 
disengaged ! 

Mrs. B. In the combustion of a pound of phos- 
phorus, a sufficient quantity of caloric is set free to 
melt upwards of a hundred pounds of ice; this has 
been computed by direcl: experiments with the ca- 
lorimeter. 

Emily. And is the result of this combustion, like 
that of sulphur, an acid ? 

Mrs. B. Yes; phosphoric acid. And had we 
duly proportioned the phosphorus and the oxygen, 
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they would have been completely converted into 
phosphoric acid, weighing together, in this, new 
state, exactly the sum of their weights separately. 
The water would have ascended into the receiver, 
on account of the vacuum formed, and would have 
filled it entirely. In this case, as in the combustion 
of sulphur, the acid vapour formed is absorbed and 
condensed in the water of the receiver. But when 
this combustion is performed without any water or 
moisture being present, the acid then appears in the 
form of concrete whitish flakes, which are, however, 
extremely ready to melt upon the least admission of 
moisture. 

Emily. Does phosphorus, in burning in atmosphe- 
rical air, produce like sulphur, a weaker sort of the 
same acid? 

Mrs. B. No; for it burns in atmospherical air 
"nearly at the same temperature, as in pure oxygen 
gas-, and it is, in both cases, so strongly disposed to 
combine with the oxygen, that the combustion is 
perfect, and the product similar; only in atmosphe- 
rical air being less rapidly supplied with oxygen, the 
process is performed in a slower manner. 

Caroline. But is there no method of acidifying 
phosphorus in a slighter manner; so as to {ormphos- 
phoms acid? 

Mrs. B. Yes, there is. When simply exposed to 
the atmosphere, phosphorus undergoes a kind of 
slow combustion at any temperature above zero. 

Emily. But is not the process in this case rather 
an oxydation than a combustion? For if the oxygen 
is too slowly absorbed for a sensible quantity of light 
an J heat to be disengaged, it is not a true combus- 
tion. 

Mi s. B. The case is not as you suppose; a faint 
light is e.nitted which is very discernible in the dark; 
but the heat evolved is not sufficiently strong to be 
sensible; a whitish vapour arises from this combus- 
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uon, which uniting with water, condenses into li- 
quid phosphorus acid. 

Caroline. Js it not very singular that phosphorus 
should burn at so low a temperature in atmospheri- 
cal air, whilst it does not burn in pure oxygen with- 
out the application of heat ? 

Mrs. B So it at first appears. But this circum- 
stance seems to be owing to the nitrogen gas of the 
atmosphere. This gas dissolves small particles of 
phosphorus, which being thus minutely divided and 
diffused in the atmospherical air, combines with the 
oxygen, and undergoes this slow combustion. But 
the same effecl: does not take place in oxygen gas, 
because it is not capable of dissolving phosphorus; 
it is therefore necessary, in this case, that heat 
should be applied to effect that division of particles, 
which, in the former instance, is produced by the 
nitrogen. 

Emily. I have seen letters written with phospho- 
rus, which are invisible by day-light, but may be 
read in the dark by their own light. They look as 
if they were written with fire; yet they do not seem 
to burn. 

Mrs. B. But they do really burn; for it is by 
their slow combustion that the light is emitted; and 
phosphorus acid is the result of this combustion. 

Phosphorus is sometimes used as a test to estimate 
the purity of atmospherical air. For this purpose, 
it is burnt, in a graduated tube called an eudiometer 
(Plate VIII. .Fig 19.), and from the quantity of air 
which the phosphorus absorbs, the proportion of oxy- 
gen in the air examined, is deduced; for the phos- 
phorus will absorb all the oxygen, and the nitrogen 
alone will remain. 

Emily. And the more oxygen is contained in the 
atmosphere, the purer I suppose it is esteemed? 

Mrs. B. Certainly. Phosphorus, when melted, 
combines with a great variety of substances. With 
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sulphur it forms a compound so extremely combus- 
tible, that it immediately takes fire on coming in con- 
tact with the air. It is with this composition that 
the phosphoric matches are prepared, which kindle 
as soon as they are taken out of their case and are 
exposed to the air. 

Emily. I have a box of these curious matches; 
but I have observed, that in very cold weather, 
they will not take fire without being previously rub- 
bed. 

Mrs. B. By rubbing them you raise their tem- 
perature; for you know, friction is one of the means 
of extricating heat. 

Emily. Will phosphorus combine with hydrogen 
gas, as sulphur does? x 

Mrs. B. Yes ; and the compound gas which re- 
sults from this combination has a smell still more 
fetid than the sulphurated hydrogen? it resembles 
that of garlic. 

The phosphorated hydrogen gas has this remarkable 
peculiarity, that it takes fire spontaneously in the 
atmosphere at any temperature. It is thus that are 
produced those transient flames, or flashes of light, 
called by the'vulgar Willof-the~Wisp, or more pro- 
perly Igties-Fatui, which are often seen in church 
yards, and places where the putrefaction of animal 
matter exhales phosphorus and hydrogen gas. 

Caroline. Country people, who are so much fright- 
ened by those appearances, would soon be reconci- 
led to them, if they knew from what a simple cause 
they proceed. 

Mrs. B. There are other combinations of phos» 
phorus that have also very singular properties, par- 
ticularly that which results from its union with lime. 
^ Emily. Is there any name to distinguish the com- 
bination of two simple substances, like phosphorus 
and lime, neither of which are oxygen, and which 
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therefore cannot produce neither an oxyd nor an 
acid? 

Mrs. B. The names of such combinations are 
composed from those of their ingredients, merely 
by a slight change in their termination. Thus we 
call the combination of sulphur with lime •& sulphur et^ 
and that of phosphorus, a phosphor et of lime. This 
latter compound, I was going to say, has the singular 
property of decomposing water, merely by being 
thrown into it. It effects this by absorbing the oxy- 
gen of water, in consequence of which bubbles of 
hydrogen gas ascend, holding in solution a small 
quantity of phosphorus. 

Emily. These bubbles then are phosphorated hydro- 
gen gas? 

Airs. B. Yes; and they produce the singular ap- 
pearance of a flash of fire issuing from water, as the 
bubbles kindle and detonate on the surface of the 
water, at the instant that they come in contact with. 
the atmosphere. 

Caroline. Is not this effect nearly similar to that 
produced by the combination of phosphorus and sul- 
phur, or, more properly speaking, the phosphoret of 
sulphur ? 

Mrs. B. Yes; but the phenomenon appears more 
extraordinary in this case, from the presence of wa- 
ter and from the gaseous form of the combustible 
compound. Besides the experiment surprises by its 
great simplicity. You only throw a piece of phos- 
phoret of lime into a glass of water, and bubbles of 
fire will immediately issue from it. 

Caroline. Cannot we try the experiment? 

Mrs. B. Very easily : but we must do it in the 
open air; for the smell of the phosphorated hydro- 
gen gas is so extremely fetid, that it would be in- 
tolerable in the house. But before we leave the room, 
we may produce, by another process, some bubbles 
of the same gas, which are much less offensive. 
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There is in this little glass retort a solution of pot- 
ash in water; I add to it a small piece of phospho- 
rus. We must now heat the retort over the lamp, 
after having engaged its neek under water— you see 
it begins to boil; in a few minutes bubbles will ap- 
pear, which take fire and detonate as they issue 
from the water. 

Caroline. There is one— and another. How cu- 
rious it is!— But I do not understand how this is 
produced? 

Mrs. B. It is the consequence of a display of 
affinities too complicated, I fear, to be made per- 
fectly intelligible to you at present. 

In a few words, the reciprocal aftion of the pot- 
ash, phosphorus, calorie, and water, are such that 
some of the water is decomposed, and the hydrogen 
thereby formed carries off some minute particles of 
phosphorus* with which it forms phosphorated hy- 
drogen gas, a compound which spontaneously takes 
fire at almost any temperature. 

Emily. What is that circular rjng of smoke which 
slowly rises from each bubble after its detonation? 

Mrs. B. It consists of water and phosphoric acid 
in vapour, which are produced by the combustion, 
of* the hydrogen and phosphorus. 



CONVERSATION Vllh 
On Carhone. 



Caroline. • 
To-day, Mrs. B. — I believe we are to learn the- 
aaUire and properties of carbone. This substance 
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is quite new to me; I never heard it mentioned be- 
fore. 

Mrs. B. Not so new as you imagine ; for car- 
bone is nothing more than charcoal in a state of 
perfect purity. 

Caroline. But charcoal is made by art, Mrs. B. 
and a body consisting of one simple substance can- 
not be fabricated ? 

Mrs. B. You again confound the idea of ma- 
king a simple body, with that of separating it from 
a compound. The chemical processes by which a 
simple body is obtained in a state of purity, consist 
in unmaking the compound in which it is contained, 
in order to separate from it the simple substance in 
question. The method by which charcoal is usually 
obtained, is, indeed, commonly called making it j 
but, upon examination, you will find this process to 
consist simply in separating it from other substances 
with which it is found combined in nature. 

Carbone forms a considerable part of the solid 
matter of all organized bodies ; but it is most abun- 
dant in the vegetable creation, and it is chiefly ob- 
tained from wood. When the oil and water (which 
are other constituents of vegetable matter) are eva- 
porated, the black, porous, brittle substance that 
remains, is charcoal. 

Caroline. But if heat be applied to the wood in 
order to evaporate the oil and water, will not the 
temperature of the charcoal be raised so as to make 
it burn ; and if it combines with oxygen, can we 
any longer call it pure ? 

Mrs. B. I was going to say, that in this opera- 
tion, the air must be excluded. 

Caroline. How then can the vapour of the oil and 
water fly off? 

Mrs. B. In order to produce charcoal in its purest 
state (which is, even then, but a less imperfect sort 
of carbone), the operation should be performed in 
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an earthen retort. Heat being applied to the body 
of the retort, the evaporable parts of the wood will 
escape through its neck, into which no air can pe- 
netrate as long as the heated vapour continues to fill 
it. And if it be wished to collect these volatile 
products of the wood, this can easily be done by 
introducing the neck of the retort into the water- 
bath apparatus, with which you are acquainted. 
But the preparation of common charcoal, such as is 
used in kitchens and manufactures, is performed on 
a much larger scale, and by an easier and less ex- 
pensive process. 

Emily. I have seen the process of making com- 
mon charcoal. The wood is ranged on the ground 
in a pile of a pyramidical form, with a fire under- 
neath j the whole is then covered with clay, a few 
holes only being left for the circulation of air. 

Mrs. B. These holes are closed as soon as the 
wood is fairly lighted, so that the combustion is 
checked, or at least continues but in a very imper- 
fect manner ; but the heat produced by it is suffici- 
ent to force out and volatilize, through the earthy 
cover, most part of the oily and watery principles 
of the wood, although it cannot reduce it to ashes. 
Emily. Is pure carbone as black as charcoal ? 
Mrs. B. The more charcoal is purified, that is 
to say, the nearer it approaches to the state of sim- 
ple carbone, the deeper its black colour appears ; 
but the utmost efforts of chemical art, are not able 
to bring it to its perfect elementary state ; for in that 
state it is both colourless and transparent, and as 
different in appearance from charcoal as any sub- 
stance can possibly be. This ring which I wear on 
my finger, owes its brilliancy to a small piece of 
carbone. 

Caroline. Surely you are jesting, Mrs. B. ? 
Emily. I thought that your ring was diamond ? 
Mrs. B. It is so. But diamond is nothing more 
than carbone in its purest and most perfect state. 
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Emily. That is astonishing ! Is it possible to see 
two things apparently moce different than diamond 
and charcoal ? 

Caroline. It is, indeed, curious to think that we 
adorn ourselves with jewels of charcoal ! 

Mrs. B. When you are better acquainted with 
the nature of crystallization, in which state bodies 
are generally the purest, you will more readily con- 
ceive the possibility of carbone assuming the trans- 
parency and brilliancy of diamond. 

There are many other substances, consisting chief- 
ly of carbone, that are remarkably white. Cotton, 
for instance, is almost wholly carbone. 

Caroline. That, I own, I could never have ima- 
gined! — But pray, Mrs.B. since it is known of what 
substance diamond and cotton are composed, why 
should they not be manufactured, or imitated, by 
some chemical process, which would render them 
much cheaper and more plentiful than the present 
mode of obtaining them ? 

Mrs. B. You might as well my dear propose 
that we should make flowers and fruit, nay perhaps- 
even animals, by a chemical process ; for it is known 
of what these bodies consist, since every thing 
which we are acquainted with in nature, is formed 
from the various simple substances that we have 
enumerated. But, you must not suppose that a 
knowledge of the component parts of a body will 
in every case enable us to imitate it. It is much 
less difTicult to decompose bodies* and discover of 
what materials they are made, than it is to recom- 
pose them. The first of these processes is called 
analysis, the last synthesis. When we are able to- 
ascertain the nature of a substance by both these 
methods, so that the result of one confirms that c£ 
the other, we obtain the most complete knowledge 
of it that we are capable of acquiring. This is the 
case with water, with the atmosphere, with most oft 
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the oxyds, acids, and neutral salts, and with many 
other compounds. But the more complicated com- 
binations of nature, even in the mineral kingdom, 
are in general beyond our reach, and any attempt 
to imitate organized bodies must ever prove fruit- 
less; their formation is a secret that rests in the bo- 
som of the Creator. You see, therefore, how vain 
it would be to attempt the formation of cotton by 
chemical means. But, surely, we have no reason 
to regret our inability in this instance, when nature 
has so clearly pointed a method of obtaining it in 
perfection and abundance. 

Caroline. I did not imagine that the principle of 
life could be imitated by the aid of chemistry; but 
it did not appear to me ridiculous to suppose that 
chemists might attain a perfect imitation of inani- 
mate nature. 

Mrs. B. They have succeeded in this point in a 
variety of instances; but, as you justly observe, the 
principle of life, or even the minute and intimate 
organization of the vegetable kingdom, are secrets 
that have almost entirely eluded the researches of 
philosophers ? nor do I imagine that human art will 
ever be capable of investigating them with complete 
success. 

Emily. But diamond, since it consists merely of 
one simple unorganized substance, might be, one 
would think, perfectly imitable by art ? 

Mrs. B. It is sometimes as much beyond our 
power to obtain a simple body in a state of perfect 
purity, as it is to imitate a complicated combina- 
tion ; for the operations by which nature decompo- 
ses bodies are frequently as inimitable as those which 
she uses for their combination. This is the case 
with carbone; all the efforts of chemists to separate 
it entirely from other substances, have been fruit- 
less, and in the purest state in which it can be ob- 
tained by art, it still retains a portion of oxygen, 
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and probably of some other foreign ingredients. It 
is in the diamond alone, as I have observed before, 
that carbone is supposed to exist in its perfect form; 
we are ignorant of the means which nature employs 
to bring it to that state; it may probably be the work 
of ages, to purify, arrange, and unite the particles 
of carbone in the form of diamond. And with re*- 
gard to our artificial carbone, which we call char- 
coal, ..we must consider it as an oxyd of carbone ; 
since, whatever may be the means employed for 
obtaining it, it always retains a small portion of 
oxygen. Here is some charcoal in the purest state 
we can procure it : you see that it is a very black, 
brittle, light, porous substance, entirely destitute 
of either taste or smell. Heat, without air, produ- 
ces no alteration in it, as it is not volatile ; but on 
the contrary, it invariably remains at the bottom of 
the vessel after all the other parts of the vegetable 
are evaporated. 

Emily. Carbone is, no doubt, combustible, since 
you say that charcoal would absorb oxygen if air 
was admitted during its preparation ? 

'Caroline. Unquestionably. Besides, you know, 
Emily, how much it is used in cooking. But pray 
what is the reason that charcoal burns without 
smoke, whilst a wood fire smokes so much ? 

Mrs. B. Because, in the conversion of wood in- 
to charcoal, the volatile particles of the former have 
been evaporated. 

Caroline. Yet I have frequently seen charcoal 
burn with flame ; therefore it must, in that case, 
contain some hydrogen. 

Mrs. B. Very true ; but you must recollect that 
charcoal, especially that which is used for common 
purposes, is very far from being pure. It generally 
retains, as we have seen, not only a small quantity 
of oxygen, but also some remains of the various 
other component parts of vegetables, and hydrogen 
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particularly, which accounts for the fiame in ques- 
tion. 

Caroline. But what becomes of the carbone itself 
during its combustion ? 

Mrs. B. It gradually combines with the oxygen 
of the atmosphere, in the same way as sulphur and 
phosphorus, and, like those substances, it is con- 
verted into a peculiar acid, which flies off in a ga- 
seous form. There is this difference, however, 
that the acid is not, in this instance, as in the two 
cases just mentioned, a mere condensable vapour, 
but a permanent. elastic fluid, which always remains 
in the state of gas, under any pressure and at any 
temperature. The nature of this acid was first as- 
certained by Dr. Black, of Edinburgh ; and, before 
the introduction of the new nomenclature, it was 
called fixed air. It is now distinguished by the more 
appropriate name of carbonic acid gas. 

Emily. Carbone, then, can be volatilized by 
burning, though, by heat alone, no such effecl: is 
produced ? 

Mrs. B. Yes ; but then it is no longer simple 
carbone, but an acid of which carbone forms the 
basis. In this state, carbone retains no more ap- 
pearance of solidity or corporeal form, than the ba- 
sis of any other gas. And you may, I think, from 
this instance, derive a more clear idea of the basis 
of the oxygen, hydrogen, and nitrogen gasses, the 
existence of which, as real bodies, you seemed to 
doubt, because they were not to be obtained simply 
in a solid form. 

Emily That is true; we may conceive the basis 
of the oxygen, and of the other gasses, to be solid, 
heavy substances, like carbone ; but so much ex- 
panded by caloric, as to become invisible. 

Caroline. But does not the carbonic acid gas par- 
take of the blackness of charcoal ? 

Mr:.B. Not in the least. Blackness, you know s 
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does not appear to be essential to carbone, and it is 
pure carbone, and not charcoal, that we must con- 
sider as the basis of carbonic acid. We shall make 
some carbonic acid, and, in order to hasten the pro- 
cess, we shall burn the carbone in oxygen gas. 

Emily. But how can you make carbonic acid, 
unless you can burn diamond ; since that alone is 
pure carbone ? 

Mrs. B. Charcoal will answer the purpose still 
better ; for the carbone being, in that state, already 
combined with some portion of oxygen,' it will re- 
quire less of that principle to complete its oxygena- 
tion. 

Caroline. But is it possible to burn diamond ? 

Mrs. B. Yes, it is ; and, in order to effect this 
combustion, nothing more is required than to apply 
a sufficient degree of heat by means of the blow- 
pipe, and of a stream of oxygen gas. Indeed it is 
by burning diamond that its chemical nature has 
been ascertained. It is long since it has been known, 
as a combustible substance, but it is within these 
few years only that the product of its combustion 
has been proved to be pure carbonic acid. This 
discovery is due to Mr. Tennant. But still more 
recent experiments have shown, that diamond re- 
quires a greater proportion of oxygen than charcoal 
to be converted into carbonic acid. It appears that 
15 parts of diamond require 85 parts of oxygen to 
form 100 parts of carbonic acid ; whilst 28 parts of 
charcoal take up only 72 parts of oxygen to produce 
100 parts of carbonic acid; from which it is natu- 
rally inferred that carbone, in the state of charcoal, 
is already combined with a portion of oxygen. 

Now let us try to make some carbonic acid — Will 
you, Emily, decant some oxygen gas from this large 
jar into the receiver in which we are to bum the 
carbone ; and I shall introduce this small piece of 
charcoal, with a little lighted tinder, which will be 
necessary to give the first impulse to the combustion. 
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Emily. I cannot conceive how so small a piece of 
tinder, and that but just lighted, can raise the tem- 
perature of the carbone sufficiently to set fire to it; 
for it can produce scarcely any sensible heat, and it 
hardly touches the carbone. 

Mrs. B. The tinder thus kindled has only heat 
enough to begin its own combustion, which, how- 
ever, soon becomes so rapid in the oxygen gas, as 
to raise the temperature of the charcoal sufficiently 
for this to burn likewise, as you see is now the case., 

Emily. I am surprised that the combustion of 
carbone is not more brilliant ; it does not disengage 
near so much light or caloric as phosphorus, or sul- 
phur. Yet, since it combines with so much oxy- 
gen, why is not a proportional quantity of light and 
heat disengaged from the decomposition of the oxy- 
gen gas ? 

Mrs. B. It is not surprising that less light and 
heat shourtfbe disengaged in this than in almost any 
other combustion, since the oxygen, instead of en- 
tering into a solid or a liquid combination, as it does 
in the phosphoric and sulphuric acids, is employed 
in forming another elastic fluid. 

Emily. True ; and, on second consideration, it 
appears, on the contrary, surprising that the oxygen 
should, in its combination with carbone, retain a 
sufficient portion of caloric to maintain both sub- 
stances in a gaseous state. 

Caroline. We may then judge of the degree of 
solidity in which oxygen is combined in a burnt bo- 
dy, by the quantity of caloric liberated during its 
combustion ? 

Mrs. B. Yes ; provided that you take into the 
account the quantity of oxygen absorbed by the 
jcombustible body, and observe the proportion which 
the caloric bears to it. 

Caroline. But why should the water, after the 
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eoqibustion of carbone, rise in the receiver sincc- 
the gas within it retains an aeriform state? 

Mrs: B. Because carbonic acid gas is more dense, 
and consequently occupies less space than oxygen 
gas ; the water therefore rises to fill the vacuum 
formed by the diminution of volume of the gas. 

Caroline. That is very clear : and the condensa- 
tion of the new gas depends, I suppose, on the quan- 
tity of caloric that has been disengaged. 

Mrs. B. The gas must be decreased in volume, 
from that circumstance, in a certain proportion; but 
its density is still further increased by the addition 
of the carbone. But besides this condensation, there 
is in our experiment another cause of the diminu- 
tion of volume, which is, that carbonic acid gas, 
by standing over water, is gradually absorbed by it, 
an effect which is promoted by shaking the receiver. 

Emily. The charcoal is now extinguished, though 
it is not nearly consumed ; it has such an extraordi- 
nary avidity for oxygen, I suppose, that the recei- 
ver did not contain enough to satisfy the whole. 

Mrs. B. That is certainly the case •, for if the 
combustion was performed in the exact proportions 
of 28 parts of carbone to 72 of oxygen, both these 
ingredients would disappear, and 100 parts of car- 
bonic acid would be produced. 

Caroline. Carbonic acid must be a very strong 
acid, since it contains so great a proportion of oxy/- 
gen ? 

Mrs. B. That is a very natural inference •, yet 
it is erroneous. For the carbonic is the weakest of 
all the acids. The strength of an acid seems to de- 
pend upon the nature of its basis and its mode of 
jcombination, as well as upon the proportion of the 
acidifying principle. The same quantity of oxygen 
that will convert some bodies into strong acids, will 
pnly be sufficient simply to oxydate others. 

paroline. Since this acid is so weak, I think chc- 



147 

mists should have called it the carbonous, instead of' 
the carbonic acid. 

Emily, But, I suppose, the carbonous acid is still 
. weaker, and is formed by burning carbone in at- 
mospherical air. 

Mrs. B. No, my dear. Carbone does not ap- 
pear to be susceptible of more than one degree of 
acidification, whether burnt in oxygen gas, or at- 
mospherical air. There is therefore no carbonous 
acid. 

It has indeed been lately discovered, that carbone 
may be converted into a gas, by uniting with a smal- 
ler proportion of oxygen ; but as this gas does jiot 
possess any acid properties, it is no more than an' 
oxyd ; and in order to distinguish it from charcoal, 
which contains a still smaller proportion of oxygen, 
it is called gaseous oxyd of carbone. 

Caroline. Pray is not carbonic acid a very whole- 
some gas to breathe, as it contains so much oxygen ? 
Mrs. B. On. the contrary, it is extremely perni- 
cious. Oxygen, when in a state of combination 
with other substances, loses, in almost every in- 
stance, its respirable properties, and the salubrious 
effects which it has on the animal economy when in 
its uncombined state. Carbonic acid is not only un- 
fit for respiration, but extremely deleterious if taken 
uito the lungs. 

Emily. You know, Caroline, how very unwhole- 
some the fumes of burning charcoal are reckoned. 

Caroline. Yes ; but to confess the truth, I did 
not consider that a charcoal fire produced carbonic 
acid gas. — Pray, can this gas be condensed into a 
liquid ? 

Mrs. B. No : for, as I told you before, it is a 
permanent elastic fluid. But water can absorb a 
certain quantity of this gas, and can even be im- 
pregnated with it, in a very strong degree, by the 
assistance of agitation and pressure, as I am going 
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'o show you. J shall decant some carbonic iicid gas 
into this bottle, which I nil first with water, in or- 
der to exclude the atmospherical air-, the gas is then 
introduced through the water, which you see it dis- 
places, for it will not mix with it in any quantity 
unless strongly -agitated, or allowed to stand over it 
for some time. The bottle is now about half full of 
carbonic acid gas, and the other half is still occupied 
oy the water. By corking the bottle, and then vio- 
lently shaking it, in this way, I can mix the gas and 
water together. — Now will you taste it ? 

Emily. It has a distinct acid taste. 

Caroline. Yes, it is sensibly sour, and appears 
full of little bubbles. 

Mrs. B. It possesses likewise all the other pro- 
perties of acids, but of course in a less degree than 
the pure carbonic acid gas, as it is so much diluted 
by water. 

This is a kind of artificial Seltzer water. By ana- 
lysing that which is produced by nature, it was found 
to contain scarcely any thing more than common 
water impregnated with a certain proportion of car- 
bonic acid gas. We are, therefore, able to imitate 
it, by mixing those proportions of water, and car- 
bonic acid. Here, my dear, is an instance, in which, 
by a chemical process, we can exactly copy the ope- 
rations of nature ; for the artificial Seltzer waters 
can be made in every respect similar to those of na- 
ture : in one point, indeed, the former have an ad- 
vantage, since they may be prepared stronger, or 
weaker, as occasion requires. 

Caroline. I thought I had tasted such water be- 
fore. But what renders it so brisk and sparkling? 

Mrs. B. This sparkling, or effervescence, as it 
is called, is always occasioned by the action of an 
elastic fluid escaping from a liquid ; in the artificial 
Seltzer water it is produced by the carbonic acid, 
which being lighter than the water in which it was 
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strongly condensed, flies off with great rapidity the 
instant the bottle is uncorked ; this makes it neces- 
sary to drink it immediately. The bubbling that 
took place in this bottle was but trifling, as the wa- 
ter was but very slightly impregnated with carbonic 
acid. It requires a particular apparatus to prepare 
the gaseous artificial mineral waters. 

Emily. If, then, a bottle of Seltzer water re- 
mains for any length of time uncorked, I suppose 
it returns to the state of common water ? 

Mrs. B. The whole of the carbonic acid gas, or 
very nearly so, will soon disappear; but there is 
likewise in Seltzer water a very small quantity of 
soda, and of a few other saline or earthy ingredients, 
which will remain in the water, though it should be 
kept uncorked for any length of time. 

Caroline. I have often heard of people drinking 
soda water, pray what sort of water is that ? 

Mrs. B. It is a kind of artificial Seltzer water, 
holding in solution, besides^the gaseous acid, a par- 
ticular saline substance, called soda, which imparts 
to the water certain medicinal qualities. 

Caroline. But how can these waters be so whole- 
some, since carbonic acid is so pernicious ? 

Mrs. B. A gas we may conceive though very 
prejudicial to breathe, may be beneficial to the sto- 
mach. — But it would be of no use to attempt ex- 
plaining this more fully at present. 

Caroline. Are waters never impregnated with 
other gasses ? 

Mrs. B. Yes ; there are several kinds of gaseous 
waters. I forgot to tell you that waters have for 
some years past been prepared, impregnated both 
with oxygen and hydrogen gasses. " These are not 
an imitation of nature, but are altogether obtained 
by artificial means. They have been lately used 
medicinally, particularly abroad, where, I under- 
ctand, they have acquired some reputation^ 
n 2. 
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t. • If I rccolleft right, Mrs. B. you told us 
that carbone was capable of decomposing water ; 
the affinity between oxygen and carbone must there- 
fore be greater than between oxygen and hydrogen? 

Mrs. B. Yes ; but this is not the case unless 
their temperature be raised to a certain degree. It 
.is only when carbone is red hot, that it is capable 
of separating the oxygen from the hydrogen. Thus, 
if a small tvuantity of water be thrown on a red hot 
£re, it will increase, rather than extinguish the 
combustion •, for the coals or wood (both of which 
contain a great quantity of carbone) decompose the 
water, and thus supply the fire both with oxygen 
and hydrogen gasses. If, on the contrary, a large 
xhass of water be thrown over the fire, the diminu- 
tion of heat thus produced is such that the combus- 
tible matter loses the power of decomposing the wa- 
ter, and the fire is extinguished. 

Emily. I have heard that fire engines sometimes 
do more harm than good, and that they actually in- 
crease the fire when they cannot throw water enough 
to extinguish it. It must be owing no doubt, to the 
decomposition of the water by the carbone during 
the conflagration. 

Mrs. B. Certainly. — The apparatus which you 
:;ee here (Plate VIII. Fig. 20.) may be used to ex- 
emplify what we have just said. It consists in a kind 
of open furnace, through which a porcelain tube* 
containing charcoal, passes. To one end of the 
tube is adapted a glass retort with water in it *, and 
the other end communicates with a receiver placed 
on the water bath. — A lamp being applied to the 
retort, and the water made to boil, the vapour is 
gradually conveyed through the red hot charcoal, 
by which it is decomposed ; and the hydrogen gas 
"which results from this decomposition is collected 
in the receiver. But the hydrogen thus obtained 
is far from being pure ; it retains in solution a m> 
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mite portion of carbone, and contains also a quan- 
tity of carbonic acid. This renders it heavier than 
pure hydrogen gas, and gives it some peculiar pro- 
perties : it is distinguished by the name of carbona- 
ted hydrogen gas, 

Caroline. And whence does it obtain the carbo- 
nic acid that is mixed with it ? 

Emily. I believe I can answer that question, Ca- 
roline. — From the union of the oxygen (proceeding 
from the decomposed water) with the carbone, which, 
you know, makes carbonic acid. 

Caroline. True ; I should have recollected that. — 
The product of the decomposition of water by red 
hot charcoal, therefore, is carbonated hydrogen gas 
and carbonic acid gas. 

Airs. B. You are perfectly right now. 
Carbone is frequently found combined with hy- 
drogen in a state of solidity, especially in coals, which 
owe their combustible nature to these two principles. 
Emily. Is it the hydrogen, then, that produces 
the flame of coals ? 

Mrs. B. It is so ; and when all the hydrogen is 
consumed, the carbone continues to burn without 
flame. But again the hydrogen gas produced by 
the combustion of coals is not pure ; for, during 
the combustion, particles of carbone are successive- 
ly volatilized with the hydrogen, with which they 
form what is called a hydro-carbonate, which is the 
essential combustion. 

Carbone is a very bad conductor of heat \ for this 
reason, it is employed (in conjunction with other 
mgredients) for coating furnaces and other chemical 
apparatus. 

Emily. Pray what is the use of coating furnaces? 

Mrs. B. In most cases, in which a furnace is 

used, it is necessary to produce and preserve a great 

degree of heat, for which purpose every possible 

means are used to prevent the he^t from escaping 
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by communicating with other bodies, and this ob- 
ject is attained by coating over the inside of the fur- 
nace with a kind of plaster, composed of materials 
that are bad conductors of heat. 

Carbone combined with a small quantity of iron, 
forms a compound called plumbago, or black lead, 
of which pencils are made. This substance, agree* 
ably to the nomenclature, is a carburet of iron. 

Caroline. Why, then, is it called black lead ? 

Mrs. B. I really cannot say •, but it is certainly 
a most improper name for it, as there is not a parti- 
cle of lead in the composition. There is another 
carburet of iron in which the iron though united 
only to an extremely small proportion of carbone^ 
acquires very remarkable properties ; this is steel. 

Caroline. Really; and yet steel is much harder 
than iron ? 

Mrs. B. But carbone is not ductile, like iron* 
and therefore may render the steel more brittle, and 
prevent its bending so easily. Whether it is that 
the carbone by introducing itself into the pores cf 
the iron, and by filling them, makes the metal both 
harder and heavier ; or whether th'13 change depends 
upon some chemieal cause, I cannot pretend to de- 
cide. But there is a subsequent operation, by which 
the hardness of steel is very much increased, which 
simply consists in heating the steel till it is red hot, 
and then plunging it into cold water. 

Carbone besides the combination just mentioned, 
enters into the composition of a vast number of na- 
tural productions, such, for instance, as all the va- 
rious kinds of oils, which result from the combina- 
tion of carbone, hydrogen, and caloric, in various 
proportions. 

Emily.' I thought that carbone, hydrogen, and 
caloric, formed carbonated hydrogen gas ? 

Mrs. B. That is the case when a small portion 
of carbonic acid gas is held in solution by hydrogea 
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fas. Different proportions of the same principles, 
together with the circumstances of their union, pro- 
duce very different combinations ; of this you will 
see innumerable examples. Besides we are not now 
talking of gasses, but of carbone and hydrogen, 
combined only with a quantity of caloric sufficient 
to bring them to the consistency of oil or fat. 

Caroline. But oil and fat are not of the same 
consistence ? 

Mrs. B. Fat is only congealed oil ; or oil, melt- 
ed fat. The one requires a little more heat to main- 
tain it in a fluid state, than the other. Have you 
never observed the fat of meat turned to oil by the 
caloric it has imbibed from the fire ? 

> Emily. Yet oils in general, as salad oil, and lamp 
oil, do not turn to fat when cold ? 

Mrs. B. Not at the common temperature of the 
atmosphere, because they retain too much caloric to 
congeal at that temperature; but if exposed to a 
sufficient degree of cold, their latent heat is extri- 
cated, and they become solid fat substances. Have 
you never seen salad oil frozen in winter ? 

Emily. Yes ; but it appears to me in that state 
very different from animal fat. 

Mrs. B. The essential constituent parts of either 
vegetable or animal oils are the same, carbone and 
hydrogen ; their variety arises from the different 
proportions of these substances, and from other ac- 
cessary ingredients that may be mixed with them. 
The oil of a whale, and the oil of roses, are, in their 
essential constituent parts, the same ; but the one is 
impregnated with the offensive particles of animal 
matter, the other with the delicate perfume of a 
flower. 

The difference ofjixedoils, and volatile or essential 
oils, consist also in the various proportions of car- 
bone and hydrogen. Fixed oils are those which 
will not evaporate without being decomposed j this 



is the case with all the common oils, which contact 
a greater proportion of carbone than the essential 
oils. The essential oils (which comprehend the 
whole class of essences and perfumes) are lighter $ 
they contain more equal proportions of carbone and 
hydrogen, and are volatilized or evaporated without 
being decomposed. 

Emily. When you say that one kind of oil will 
evaporate, and the other be decomposed, you mean, 
I suppose, by the application of heat ? 

Mrs. B. Not necessarily •, for there are oils that 
will evaporate slowly at the common temperature of 
the atmosphere ; but for a more rapid volatilization, 
or for their decomposition, die assistance of. heat is 
required. 

Caroline. I shall now remember, I think, thafr 
fat and oil are really the same substances, consisting 
•both of carbone and hydrogen •, that in fixed oils 
the carbone preponderates, and heat produces a de- 
composition ; while, in essential oils, the proportion 
of hydrogen is greater, and heat produces volatili- 
zation only. 

Emily. I suppose the reason why oil burns so 
well in lamps, is because its two constituents are S9 
combustible ? 

Mrs. B. Certainly ; the combustion of oil is just 
the same as that of a candle ; if tallow, it' is only oil 
in a concrete state; if wax, or spermaceti, its chief 
chemical ingredients are still hydrogen and carbone. 

Emily. I wonder, then*, there should be so great 
a difference between tallow and wax ? 

Mrs. B. I must again repeat that the same sub- 
stances, in different proportions, produce results 
that have sometimes scarcely any resemblance to 
each other. But this is rather a general remark 
that I wish to impress upon your minds, than one 
which is applicable to the present case •, for tallow 
and vrax are far from being very dissimilar ; the chief 
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difference consists in the wax being a purer com- 
pound of carbone and hydrogen than the tallow, 
which retains more of the gross panicles of animal 
matter. The combustion of a candle, and that of 
a lamp, both produce, water and carbonic acid gas. 
Can you tell me hew these are formed ? 

Emily. Let me think Both the candle and 

lamp burn by means of fixed oil— this is decompo- 
sed as the combustion goes on ; and the constituent 
parts of the oil being thus separated, the carbone 
unites to a portion of oxygen from the atmosphere 
to form carbonic acid gas, whilst the hydrogen com- 
bines with another portion of oxygen, and forms 
with it water.— The products therefore, of the com- 
bustion of oils, are water and carbonic acid gas. 

Caroline. But we see neither water nor carbonic 
acid produced by the combustion of a candle ?■ 

Mrs. B. The carbonic acid gas, you know, is 
invisible, and the water being in a state of vapour, 
is so likewise. Emily is perfedly corredUn her ex- 
planation, and I am very much pleased with it. 

All the vegetable acids consist of various propor- 
tions of carbone and hvdrqgen, acidified by oxy-' 
gen. Gums, sugar, and starch, are likewise com- 
posed of these ingredients ; but as the oxygen which 
they contain is not sufficient to convert them into 
acids, they are classed with the oxyds, and called 
vegetable oxyds. 

Emily. I am very much delighted with all these 
new ideas; but, at the same time, I cannot help 
being apprehensive that I may forget many of them. 
Airs. B. I would advise you to take notes, or, 
what would answer better still, to write down, after 
every lesson, as much of it as you can recollect. 
And, in order to give you a little assistance, I shall 
lend you the heads or index, which I occasionally 
-consult for the sake of preserving some method and 
arrangement in these conversations. Unless you 



156 

follow some such, plan, you cannot expect to retain 
nearly all that you learn, how great soever be the 
impression it may make on you at first. 

Emily. I will certainly follow your advice. — Hi- 
therto I have found that I recollected pretty well 
what you have taught us; but the history of carbone 
is a more extensive subject than any of the simple 
bodies we have yet examined. 

Mrs. B. I have little more to say on carbone at 
present, but hereafter you will see that it performs 
a considerable part in most chemical operations. 

Caroline. That is, I suppose, owing to its enter- 
ing into the composition of so great a variety of 
substances ? 

Mrs. B. Certainly ; it is the basis, you have seen, 
of all vegetable matter ; and you will find that it is 
very essential to the process of animalization. But 
in the mineral kingdom also, particularly in its form 
of carbonic acid, we shall often discover it combi- 
ned with a great variety of substances. 

In chemical operations, carbone is particularly 
useful, from it,s very great attraction for oxygen, as 
it will absorb this substance from many oxygenated 
or burnt bodies, and thus, deoxygenate, or unburn^ 
them, and restore them to their original combusti- 
ble state. 

Caroline. I do not understand how a body can 
be unburnt) and restored to its original state. This 
piece of tinder, for instance, that has been burnt, 
if by any means the oxygen was extracted from it, 
would not be restored to its former state of linen ; 
for its texture is destroyed by burning, and that 
must be the case with all organized or manufactured 
substances, as you observed in a former conversation. 

Mrs. B. A compound body is decomposed by 
combustion, in a way which generally precludes the 
possibility of restoring' it to its former state •, the 
oxygen, for instance, does not become fixed in the 
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tinder, but it combines with its volatile parts, and 
flies off in the shape of gas, or watery vapour. You 
see therefore, how vain it would be to attempt the 
recomposition of such bodies. But, with regard to 
simple bodies, or at least bodies whose constituents 
are not disturbed by the process of oxygenation or 
deoxygenation, it is often possible to restore them, 
after combustion, to their original state. — The me- 
tals, for instance, undergo «o other alteration by 
combustion than a combination with oxygen; there- 
fore, when the oxygen is taken from them, they 
return to their pure metallic state. But I shall say 
nothing further of this at present, as the metals will 
furnish ample subject for another morning ; and 
they are the class of simple bodies that conie next 
•under our consideration. 



CONVERSATION IX 
On Metals. 



Mrs. B. 

The metals, which we are now to examine, are 
bodies of a very different nature from those which 
we have hitherto considered. They do not, like the 
elements of gasses, elude the immediate observation 
of our senses: for they are the most brilliant, the 
most ponderous, and the most palpable substances 
in nature. 

Caroline. I doubt, however, whether the metals 
will appear to us so interesting, and give us so much 
o 
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entertainment as those mysterious elements which 
conceal themselves from our view. Besides, they 
cannot afford so much novelty; they are bodies with 
which we are already so well acquainted. 

Mrs. B. But the acquaintance, you will soon 
perceive, is but very superficial; and I trust that you 
will find both novelty, and entertainment in consid- 
ering the metals in a chemical point of view. To 
treat of this subject fully, would require a whole 
course of lectures; for metals form of themselves a 
most important branch of practical chemistry. We 
must, therefore, confine ourselves to a general view 
of them. These bodies are seldom found naturally 
in their metallic form; they are generally more or 
less oxygenated or combined with sulphur, earths, or 
acids, and are often blended with each other. They 
are found buried in the bowels of the earth in most 
parts of the globe, but chiefly in mountainous dis- 
tricts, where the surface. of the globe has suffered 
from earthquakes, volcanoes, and other convulsions 
of nature. They are there spread in strata or beds, 
called veins, and these veins are composed of a cer- 
tain quantity of metal, combined with various earthy 
jubstances, with which they form minerals of differ- 
ent nature and appearance, which are called ores. 

Caroline. I am now amongst old acquaintance, for 
my father has a lead mine in Yorkshire, and I have 
heard a great deal about veins of ore, and of the 
roasting and smelting of the lead; but, I confess, that 
I do not understand in what these operations consist. 

Mrs. B. Roasting is the process by which the 
volatile parts of the ore are evaporated ; smelting, 
that by which the pure metal is afterwards separa- 
ted from the earthy remains of the ore. This is 
done by throwing the whole into a furnace, and 
mixing with it certain substances, that will combine 
with the earthy parts, and other foreign ingredients 
of the ore; the metal being the heaviest, falls to 
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the bottom, and runs out by proper openings, in its 
pure metallic state. 

Emily. You told us in a preceding lesson that me- 
tals had a strong affinity for oxygen. Do they not:, 
therefore, combine with oxygen, when strongly 
heated in the furnace, and run out in the state of 
oxyds ? 

Mrs. B. No; for the scorise, or oxyd, which 
soon forms on the surface of the fused metal, when 
it is oxydable, prevent the air from having any fur- 
their influence on the mass; so that neither combus- 
tion nor oxygenation can take place. 

Caroline. Are all the metals combustible? 

Mrs. B. Yes, without exception; but their at- 
traction for oxygen varies extremely : there are some 
that will combine with it only at a very high tempe- 
rature, or by the assistance of acids; whilst there 
are others that oxydate of themselves very rapidly, 
even at the lowest temperature, as manganese, which 
scarcely ever exists in its metallic state, as it imme- 
diately absorbs oxygen on being exposed to the air, 
and crumbles to an oxyd in the course of a few 
hours. 

Emily. Is it not from that oxyd that you extract- 
ed the oxygen gas ? 

Mrs. B. It is; so that, you see, this metal at- 
tracts oxygen at a low temperature, and parts with 
it when strongly heated. 

Emily. Is there any other metal that oxydates at 
the temperature of the atmosphere ? 

Mrs. B. They all do, more or less, excepting 
gold, silver, and platina. 

Copper, lead, and iron, oxydate slowly in the 
air, and cover themselves with a sort of rust, a pro- 
cess which depends on the gradual conversion of the 
surface into an oxyd. This rusty surface preserves 
the interior metal from oxydation, as it prevents the 
air from coming in contact with it. Strictly speak- 
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ing, however, the word rust applies only to the 
oxyd, which forms on the surface of iron, when 
exposed to air and moisture, which oxyd appears to 
be united with a small portion of carbonic acid. 

Emily. When metals oxydate from the atmos-. 
phere without an elevation of temperature, some 
light and heat, I suppose, must be disengaged, 
though not in sufficient quantities to be sensible. 

Mrs. B. Undoubtedly •, and, indeed, it is not 
surprising that in this case the light and heat should 
not be sensible, when you consider how extremely 
slow, and, indeed, how imperfectly, most metals 
oxydate by mere exposure to the atmosphere. For 
the quantity of oxygen with which metals are capa- 
ble of combining, generally depends upon their 
temperature ; and the absorption stops at various 
points of oxydation, according to the degree to 
which their temperature is raised. 

Emily. That seems very natural ; for the greater* 
the quantity of caloric introduced into a metal, the 
further its particles are separated from one another, 
and the more easily, therefore, can they attract the 
oxygen and combine with it. 

Mrs. B. Certainly ; and besides, in proportion 
as the resistance diminishes on one hand, the affini- 
ty increases on the other. When the metal oxyge- 
nates with sufficient rapidity for light and heat to 
become sensible, combustion actually takes place. 
But this happens only at very high temperatures, 
and the product is nevertheless an oxyd ; for though, 
as I have just said, metals will combine with differ- 
ent proportions of oxygen, yet, with the exception 
of only five of them, they are not susceptible of 
acidification. 

Metals change colour during the different degrees 
of oxydation which they undergo. Lead, when 
heated in contact with the atmosphere, first becomes 
grey; if its temperature be then raised, it turns 
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yellow, and a still stronger heat changes it to red: 
Iron becomes successively a green, brown, and white 
oxyd. Copper changes from brown to blue, and 
lastly green. 

Emily. Pray, is the white lead with which houses 
are painted prepared by oxydating lead ? 

Mrs. B> Yes ; almost all the metallic oxyds are 
used as paints. Red lead is another oxyd of that 
metal. The various sorts of ochres chiefly consist 
of iron more or less oxydated. And it is a remark- 
able circumstance, that if you burn metals rapidly, 
the light or flame they emit during combustion 
partakes of the colours which the oxyd successively 
assumes. 

Caroline. How is that accounted for, Mrs. B. ? 
For light, you know, does not proceed from the 
burning body, but from the decomposition of the 
oxygen gas ? I hope you have a satisfactory answer 
to give me, for I am under some apprehensions for 
my favourite theory of combustion ; and for the 
world I would not have it overthrown. 

Mrs. B. Do not be alarmed, my dear-, I do not 
think it was ever supposed to be in danger from this 
circumstance. The correspondence of the colour 
of the light with that of the oxyd which emits it, 
is, in all probability, owing to some particles of the 
metal which are volatilized and carried off by the- 
caloric. 

Caroline. It is then a sort of metallic gas. 

Emily. Why is it reckoned, so unwholesome to 
breathe the air of a place in which metals are melt- 
ing ? 

Mrs. B. For this double reason, that most me- 
tals in melting oxydate more or less at their surface, 
and thereby diminish the purity of the air; but 
more especially because the particles of the oxyd 
that are volatilized by the heat, and breathed with 
the air of the room, are very noxious. This is par- 
o 2 
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ucularly the case with lead and arsenic. Besides 
the large furnaces that are required for these fu- 
sions, contribute also materially to alter the salubri- 
ty ot the air in those places where the process is car- 
ried on. 

I must shew you some instances of the combus- 
tion of metals ; it would require the heat of a fur- 
nace to make them burn in the common air, but if 
"we supply them with a stream of oxygen gas, we 
may easily accomplish it. 

Caroline. But it will still, I suppose, be necessa- 
ry in some degree to raise their temperature ; for 
the oxygen will not be able to penetrate such dense 
substances, unless the caloric forces a passage for it. 

Mrs. B. This, as you shall see, is very easily 
done, particularly if the experiment be tried upon 
a small scale. — I begin by lighting this piece of char- 
coal with the candle, and then increase the rapidity 
of its combustion by blowing upon it with a blow- 
pipe. (Plate IX. Fig. 21.) 

Emily. That I do not understand •, for it is not 
every kind of air, but merely oxygen gas, that pro- 
duces combustion. Now you said that in breathing 
we inspired, but did not expire, oxygen gas. Why,, 
therefore, should the air which you breathe through 
the blow-pipe, promote the combustion of the char- 
coal ? 

Mrs. B. Because the air, which has but once 
passed through the lungs, is yet but little altered, a 
small portion only of its oxygen being destroyed ; 
so that a great deal more is gained by increasing the 
rapidity of the current, by means of the blow-pipe, 
than is lost in consequence of the air passing once 
through the lungs, as you shall see — 

Plate IX. 
Fig. 21. Igniting charcoal with a taper and blow-pipe. Fig. 22. 
Combustion of metals by means of a blow-pipe conveying a stream 
of oxygen gas from a gas-holder. . 
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Emily. Yes, indeed, it makes the charcoal burn 
much brighter. 

Mrs. B. Whilst it is red hot, I shall drop some 
iron tilings on it, and supply them with a current 
of oxygen gas, by means of this apparatus [Plate 
IX. Fig. 22.) which consists simply of a closed tin 
cylindrical vessel, full of oxygen gas, with two aper- 
tures and stop-cocks, by one of which a stream of 
water is thrown into the vessel through a long fun- 
nel, whilst by the other the gas is forced out through 
a blow-pipe adapted to it, as the water gains admit- 
tance. — Now that I pour water into the funnel, you 
may hear the gas issuing from the blow- pipe — I 
bring the charcoal close to the current, and drop 
the filings upon it — 

Caroline. They emit. much the same vivid light 
as the combustion of the iron wire in oxygen gas. 

Mrs. B. The process is, in fact, the same; there 
is only some difference in the mode of conducting 
it. Let us burn some tin in the same manner — you 
see that it is equally combustible — Let us now try 
some copper — 

Caroline. This bums with a greenish flame ; it 
is I suppose, owing to the colour of the oxyd ? 

Emily. Pray, shall we not also burn some gold? 

Mrs. B. That is not in our power, at least in 
this way. Gold, silver, and platina, are incapable 
of being oxydated by the greatest heat that we can 
produce by the common method. It is from this 
circumstance that they have been called perfect me- 
tals. Even these, however, have an affinity for oxy- 
gen ; but their oxydation or combustion can only 
be performed by means of electricity. The spark 
given out by the Galvanic Pile produces in the point 
of contact a greater degree of heat than any other 
process ; and it is at this very high temperature on- 
ly that the affinity of these metals for oxygen will 
enable them to act on each other. 
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I am sorry that I cannot shew you the combustion 
of the perfect metals by this process, but it requires' 
a considerable Galvanic Battery. You will, howe- 
ver see these experiments performed in the most 
perfect manner, when you attend the chemical lec- 
tures of the Royal Institution. 

Caroline. I think you said that the oxyds of me- 
tals could be restored to their metallic state ? 

Airs. B. Yes ; this is called reviving a metal. 
Metals are in general capable of being revived by 
charcoal, when heated red hot, charcoal having, at 
that temperature, a greater attraction for oxygen* 
than the metals. You need only therefore, decom- 
pose, or unburn the oxyd, by depriving it of its 
oxygen, and the metal will be restored to its pure, 
state. 

Emily. But will the carbone, by this operation^, 
be burnt, and be converted into carbonic acid ? 

Mrs. B. Certainly. There are other combusti- 
ble substances to which metals at a high tempera- 
ture will part with their oxygen. They will also- 
yield it to each other, according to their several de- 
grees of attraction for it •, and if the oxygen goes 
into a more dense state in the metal which it enter?,, 
than it existed in that which it quits, a proportional 
disengagement of caloric will take place. 

Caroline. And cannot the oxyds of gold, silver,, 
and platina, which are formed by means of the elec- 
tric fluid, be restored to their metallic state ? 

Mrs. B. Yes, they may ; but the intervention 
of a combustible body is not required ; heat alone? 
will take the oxygen from them, convert it into a. 
gas, and revive the metal. 

Emily. You said that rust was an oxyd of iron \ 
how is it, then, that water, or merely dampness,, 
produces it, which, you know, it very frequently* 
does on steel grates, or any iron instruments. 

Mrs. B. In that case the metal decomposes the 
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water, or dampness (which is nothing but water ia 
a state of vapour), and obtains the oxygen fromit. 

Caroline. I thought that it was necessary to bring 
metals to a very high temperature to enable them 
to decompose water. 

Mrs. B. It is so, if it is required that the process 
should be performed rapidly, and if any considera- 
ble quantity is to be decomposed. Rust you know 
is sometimes months in forming, and then it is only 
the surface of the metal that is oxydated. 

Emily. Metals, then, that do not rust, are inca- 
pable of spontaneous oxydation, either by air or wa- 
ter ? 

Mrs. B. Yes ; and this is the case with the per- 
fect metals, which on that account, preserve their 
metallic lustre so well. 

Caroline. When metals are oxydated by means 
of water, is there no sensible disengagement of light 
and heat ? 

Mrs. B. No ; because the oxygen exists already 
in a dense state in water ; and the portion of caloric 
that it parts with combines with the hydrogen to 
convert it into a gas. 

Emily. Are all metals capable of decomposing 
water, provided their temperature be sufficiently 
raised ? 

Mrs. B. No ; a certain degree of attraction is 
requisite, besides the assistance of heat. Water 
you recollect, is composed of oxygen and hydrogen; 
and unless the affinity of the metal for oxygen be 
stronger than that of hydrogen, it is in vain that 
we raise its temperature, for it cannot take the oxy- 
gen from the hydrogen. Iron, zinc, tin, and anti- 
mony, have a stronger affinity for oxygen than hv- 
drogen has, therefore these four metals are capable 
of decomposing water. But hydrogen having an 
advantage over all the other metals with respect to 
its affinity for oxygen, it not only withholds its oxy- 
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gen from them, but is even capable in certain cir- 
cumstances, of taking the oxygen from the oxyd of 
these metals. 

Emily. I confess that I do not quite understand 
why hydrogen can take oxygen from those metals 
that do not decompose water. 

Caroline. Now I think I do perfectly. Lead for 
instance will not decompose water, because it has 
not so strong an attraction for oxygen, as hydrogen 
has. Well, then, suppose the lead to be in a state 
of oxyd j hydrogen will take the oxygen from the 
lead, and unite with it to form water, because hy- 
drogen has a stronger attraction for oxygen, than 
oxygen has for lead ; and it is the same with all the 
other metals which do not decompose water. 

Emily. I understand your explanation, Caroline, 
very well; and I imagine that it is because lead can- 
not decompose water that it is so much employed* 
for pipes for conveying that fluid. 

Mrs. B. Certainly; lead is, on that account, 
particularly appropriate to such purposes •, whilst, on. 
the contrary, this metal, if it was oxydable by wa- 
ter, would impart to it very noxious qualities, as all 
oxyds of lead are more or less pernicious. 

But, with regard to the oxydation of metals, there 
is a mode of effecting it more powerful than either 1 
of the former, which is by means of acids. These, 
you know, contain a much greater proportion of 
oxygen than either air or water •, and will, most of 
them, easily yield it to metals. Have you never ob- 
served, that if you drop vinegar, lemon, or any acid, 
on the blade of a knife, or on a pair of scissars, it 
will immediately produce a spot of rust. 

Caroline. Yes, often ; and I am very careful now 
to wipe off the acid immediately to prevent the rust 
from forming. 

Emily. Metals have, then, three ways of obtain- 
ing oxygen ; from the atmosphere, from water, and 
from acids. 
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Mrs. B. The two first you have already wit- 
nessed, and I shall now show you how metals take 
the oxygen from an acid. This bottle contains nitric 
acid; I shall pour some of it over this piece of cop- 
per-leaf 

Caroline. Oh, what a disagreeable smell ! 

Emily. And what is it that produces the effer- 
vescence and that thick yellow vapour ? 

Mrs. B. It is the acid, which being abandoned 
by the greatest part of its oxygen, is converted into 
a weaker acid, which escapes in the form of gas. 

Caroline. And whence proceeds this heat ? 

Mrs. B. Indeed, Caroline, I think you might 
-now be able to answer that question yourself. 

Caroline. Perhaps it is that the oxygen enters in- 
to the metal in a more solid state than it existed in 
the acid, in consequence of which caloric is disen- 
gaged. 

Mrs. B. You have found it out, you see, with- 
out much difficulty. 

Emily. The effervescence is over ; therefore I 
suppose that the metal is now oxydated. 

Mrs. B. Yes. But there is another important 
connection between metals and acids, with which I 
must make you acquainted n Ietals when in the 
state of oxyds, are capable of being dissolved by 
acids. In this operation they enter into a chemical 
combination with the acid, and form an entirely 
new compound. 

Caroline. But what difference is there between 
the oxydation and the dissolution of a metal by an acid ? 

Mrs. B. In the first case, the metal merely 
combines with a portion of oxygen taken from the 
acid, which is thus partly deoxygenated, as in the 
instance you have just seen; in the second case, the 
metal after being previously oxydated, is actually 
dissolved in the acid, and enters into a chemical 
combination with it, without producing any further 
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decomposition or effervescence. — This complete 
combination of an oxyd and an acid forms a pecu- 
liar and important class of compound salts. 

Emily. The difference between an oxyd and a 
compound salt, therefore, is very obvious: the one 
consists of a metal and oxygen \ the other of an 
oxyd and acid. 

Mrs. B. Very well : and you will be careful to 
remember that the metals are incapable of entering 
into this combination with acids, unless they are 
previously oxydated •, therefore, whenever you bring 
a metal in contact with an acid, it will be first oxy- 
dated and afterwards dissolved, provided that there 
be a sufficient quantity of acid for both operations. 

There are some metals, however, whose solution 
is more easily accomplished, by diluting the acid in 
water ; and the metal will, in this case, be oxyda- 
ted, not by the acid, but by the water, which it will 
decompose. But in proportion as the oxygen of 
the water oxydates the surface of the metal, the 
acid combines with it, washes it off, and leaves a 
fresh surface for the oxygen to aft upon: then other 
coats of oxyd are successively formed, and rapidly 
dissolved by the acid, which continues combining 
with the new-formed surfaces of the oxyd till the 
whole of the metal is dissolved. During this process 
the hydrogen gas of the water is disengaged, and 
flies off with effervescence. 

Emily. Was not this the manner in which the sul- 
phuric acid assisted the iron filings in decomposing 
water. 

Mrs. B. Exactly; and it is thus that several me- 
tals, which are incapable alone of decomposing wa- 
ter, are enabled to do it by the assistance of an acid, 
which, by continually washing off the covering of 
oxyd, as it is formed, prepares a fresh surface of 
metal to aft upon the water. 

Caroline. The acid here seems to aft a part not 
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very different from that of a scrubbing-brush— But 
pray would not this be a good method of cleaning 
grates and metallic utensils? 

Mrs. B. You forget that acids have the power 
of oxydating metals, as well as that of dissolving 
their oxyds; so that by cleaning a grate in this way, 
you would create more rust than you could destroy. 

Caroline. True; how thoughtless I was to forget 
that! Let us watch the dissolution of the copper in 
the nitric acid; for I am very impatient to see the 
salt that is to result from it. The mixture is now of 
a beautiful blue colour; but there is no appearance 
of the formation of a salt; it seems to be a tedious 
operation. 

Mrs. B. The crystallization of the salt requires 
some length of time to be completed; if, however, 
you are so impatient, I can easily shew you a me- 
tallic salt already formed. 

Caroline. But that would not satisfy my curiosity 
half so well as one of our own manufacturing. 

Mrs. B. It is one of our own preparing that I 
mean to shew you. When we decomposed water a 
few days since, by the oxydation of iron filings, 
through the assistance of sulphuric acid, in what 
did the process consist ? 

Caroline. In proportion as the water yielded its 
oxygen to the iron, the acid combined with the 
new-formed oxyd, and the hydrogen escaped alone. 

Mrs. B. Very well : the result, therefore, was 
a compound salt, formed by the combination of sul- 
phuric acid with oxyd of iron. It still remains in 
the vessel in which the experiment was performed. 
Fetch it, and we shall examine it. 

Emily. "What a variety of processes the decom- 
position of water, by a metal and an acid, implies ! 
1st, The decomposition of the water; 2dly, the 
oxydation of the metal ; and 3dly, the formation of 
a compound salt. 
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Caroline. Here it is, Mrs. B. — What beautiful 
green crystals ! But we do not perceive any crystals 
in the solution of copper in nitrous acid ? 

Mrs. B. Because the salt is now suspended in 
the water which the nitrous acid contains, and will 
remain so till it is deposited in consequence of rest 
and cooling. 

Emily. I am surprised that a body so opaque as 
iron can be converted into such transparent crystals. 

Mrs. B. It is the union with the acid that pro- 
duces the transparency •, for if the pure metal was 
melted, and afterwards permitted to cool and crys- 
tallize, it would be found just as opaque as before. 

Emily. I do not understand the exact meaning 
of crystallization ? 

Mrs. B. You recollect that when a solid body 
is dissolved either by water or caloric, it is not de- 
composed ; but that its integrant parts are only sus- 
pended in the solvent. When the solution is made 
in water, the integrant particles of the body will, 
on the water being evaporated, again unite into a 
solid mass, by the force of their mutual attraction. 
But when the body is dissolved by caloric alone, no- 
thing more is necessary, in order to make its parti- 
cles reunite, than to reduce its temperature. And, 
in general, if the solvent, whether water or caloric, 
be slowly separated by evaporation or by cooling, 
and care taken that the particles be not agitated du- 
ring their reunion, they will arrange themselves in 
regular masses, each individual substance assuming 
a peculiar form or arrangement j and that is what is 
called crystallization. 

Emily. Crystallization, therefore, is simply the 
reunion of the particles of a solid body that has been 
dissolved in a fluid. 

Mrs. B. That is a very good definition of it. 
But I must not forget to observe, that heat and wa- 
ter may unite their solvent powers ; and in this case s 
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crystallization may be hastened by cooling, as well 
as by evaporating the liquid. 

Caroline. But if the body dissolved is of a vola- 
tile nature, will it not evaporate with the fluid ? 

Mrs. B. A crystal] izable body, held in solution 
only by water, is scarcely ever so volatile as the fluid 
itself, and care must be taken to manage the heat, 
so that it may be sufficient to evaporate the water 
only. 

I should not omit to mention that bodies, in crys- 
tallizing from their watery solution, always retain a 
small portion of water, which remains confined in 
the crystal in a solid form, and does not reappear, 
unless the body loses its crystalline state. This is 
called the water of crystallization. 

It is also necessary that you should here more par- 
ticularly remark the difference, to which we have 
formerly alluded, between the simple solution of 
bodies either in water or in caloric, and the -solution 
of metals in acids ; in the first case, the body is 
merely divided by the solvent into its minutest parts. 
In the latter, a similar effect is, indeed, produced; 
but it is by means of a chemical combination be- 
tween the metal and the acid, in which both lose 
their characteristic properties. The first is a me- 
chanical operation, the second a chemical process. 
We may, therefore, distinguish them by calling the 
first a simple solution, and the other a chemical solution. 
Do you understand this difference ? 

Emily. Yes ; simple solution can affect only the 
attraction of aggregation. But chemical solution im- 
plies also an attraction of composition, that is to say, 
an actual combination between the solvent and the 
body dissolved. 

Mrs. B. You have expressed your idea very well 
indeed. But you must observe, also, that whilst a 
body may be separated from its solution in water or 
caloric, simply by cooling or by evaporation, an acid 
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can be taken from a metal with which it is combi- 
ned, only by stronger affinities, which produce a 
decomposition. 

Emily. I think that you have rendered the dif- 
ference between these two kinds of solution so ob- 
vious, that we can never confound them. 

Mrs. B. Notwithstanding, however, the real 
difference which there appears to be between these 
two operations, they are frequently confounded. 
Indeed, several modern chemical writers, of great 
eminence, have even thought proper to generalize 
the idea of solution, and to suppress entirely the 
distinction introduced by the great Lavoisier, which 
I have taken so much pains to explain, and which 
I confess appears to me to render the subject much 
clearer. 

Emily. Are the perfect metals susceptible of be- 
ing dissolved and converted into compound salts by 
acids ? 

Mrs. B. Gold is acted upon by only one acid, 
the oxygenated muriatic, a very remarkable acid, 
which, when in its most concentrated state, dissolves 
gold or any other metal, by burning them rapidly. 

Gold can, it is true, be dissolved likewise by a 
mixture of two acids, commonly called aqua regia^ 
but this mixed solvent derives that property from 
containing the peculiar acid which I have just men- 
tioned. Platina is also acted upon by this acid only, 
but silver is dissolved by several of them — 

Caroline. I think you said that some of the me- 
tals might be so strongly oxydated as to become 
acid ? 

Mrs. B. There are five metals, arsenic, molyb- 
dena, chrome, tungsten, and columbium,* which 



* Columbium, which has not long since been discovered by Mr. 
Hatchett, was inadvertently omitted in the enumeration of the simplt 
bodies given in the first conversation. 
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are susceptible of combining with a sufficient quan- 
tity of oxygen to be converted into acids. 

Caroline. Acids are connected with metals in such 
a variety of ways, that I am afraid- of some confu- 
sion in remembering them. — In the first place, acids 
will yield their oxygen to metals. Secondly, they 
will combine with them in their state of oxyds, to 
form compound salts ; and lastly, several of the me- 
tals are themselves susceptible of acidification. 

Mrs. B. Very well ; but though metals have so 
great an affinity for acids, it is not with that class of 
bodies alone that they will combine. They are 
most of them in their simple state, capable of uni- 
ting with sulphur, with phosphorus, with car bone, 
and with each other; these combinations, according 
to the nomenclature which was explained to you on 
a former occasion, are called sulphurets, phosphorets 9 
carburets. Sec. 

The metallic phosphorets offer nothing very re- 
inarkable. The sulphur ets form the peculiar kind 
of mineral called pyrites, from which certain kinds 
of mineral waters, as those of Harrogate, derive 
their chief chemical properties. In this combina- 
tion, the sulphur, together with the iron, have so 
strong an attraction for oxygen, that they obtain it 
both from the air and from water, and by conden- 
sing it in a solid form, produce the heat which 
raises the temperature of the water in such a re- 
markable degree. 

Emily. But if pyrites obtain oxygen from water s 
that water must suffer a decomposition, and hydro- 
gen gas be evolved ? 

Mrs. B. That is actually the case in the hot 
springs alluded to, which give out an extremely fe- 
tid gas, composed of hydrogen impregnated with 
sulphur. 

Caroline, If I recollect: right, steel and plumba* 
p 2 
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go, which you mentioned in the last lesson, are 
both carburets of iron ? 

Mrs. B. Yes ; and they are the only carburets 
of much consequence. 

A curious combination of metals has lately very 
much attracted the attention of the scientific world: 
I mean the stones that fall from the atmosphere. 
They all consist principally of native or pure iron 
which is never formed in that state in the bowels 
of the earth ; and contain also a small quantity of 
nickel and chrome, a combination likewise new in 
the mineral kingdom. 

These circumstances have led many scientific per- 
sons to believe that those substances have fallen from 
the moon or some other planet, while others are of 
opinion either that they are formed in the atmos- 
phere, or are projected into it by some unknown 
volcano on the surface of our globe. 

Caroline. I have heard much of these stones, but 
I believe many people are of opinion that they are 
formed on the earth, and laugh at their pretended 
celestial origin. 

Mrs. B. The fact of their falling is so well as- 
certained, that I think no person who has at all in- 
vestigated the subject, can now entertain any doubt 
of it. Specimens of these stones have been disco- 
vered in all parts of the world, and to each of them 
has some tradition or story of its fall been found 
connected. And as the analysis of all the specimens 
affords precisely the same results, we have thus a 
very strong proof that they all proceed from the 
same source. It is to Mr Howard that philosophers 
are indebted, for having first analysed these stones, 
and directed their attention to this interesting sub- 
ject. 

But we must not suffer this digression to take up 
too much of our time. 

The combinations of metals with each other are 
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called alloys ; thus brass Is an alloy of copper and 
zinc ; bronze, of copper and tin, &c. 

Emily. And is not pewter also a combination of 
metal ? 

Mrs. B. It is. The pewter made in this coun- 
try, is mostly composed of tin, with a very small 
proportion of zinc and lead.* 

Caroline. Block-tin is a kind of pewter, I believe? 
Mrs. B. No ; it is iron plated with tin, which 
renders it more durable, as tin will not so easily 
rust.f Tin alone, however, would be too soft a 
metal to be worked for common use, and all the tin 
vessels or utensils are in facl made of plates of iron 
thinly coated with tin, which prevents the iron from 
rusting. 

Caroline. Say rather oxydating, Mrs. B. — Rust is 
a word that should be exploded in chemistry. 

Mrs. B. Take care, however, not to introduce 
the word oxydate instead of rust, in general con- 
versation ; for either you will not be understood, or 
you will be laughed at for your conceit. 

Caroline. I confess that my attention is, at pre- 
sent, so much engaged by chemistry, that it some- 
times leads me into ridiculous observations. Every 
thing in nature I refer to chemistry, and have often 
been laughed at for my continual allusions to it. 

Mrs. B. You must be more cautious and dis- 
creet in this respect, my dear, otherwise your en- 
thusiasm, although proceeding from a sincere ad- 
miration of the science, will be attributed to pedan- 
try. 

Metals differ very much in their affinity for each 
other j some will not unite at all, others readily 

* The metal bismuth also enters into all good pewter, as it in- 
creases the brightness and hardness of the composition. Am. Ed. 

f Strictly speaking, the metal a? refined from its ore is block-tin. 
Tin plates are prepared by dipping sheet iron in melted tint The iron 
is previously immersed in an acid liquor, Am, Ed, 
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combine together, and on this property of metals 
the art of soldering depends. 

Emily. What is soldering ? 

Mrs. B. It is joining two pieces of metal toge- 
ther, by beating them, with a thin plate of a more 
fusible metal interposed between them. Thus tin 
is a solder for lead ; brass, gold, or silver, are sol- 
der for iron, Sec. 

Caroline. And is not plating metals something of 
the same nature ? 

Mrs. B. In the operation of plating, two me- 
tals are united, one being covered with the other, 
but without the intervention of a third ; iron or tin 
may thus be covered with gold or silver. 

Emily. Mercury appears to me of a very'differ- 
ent nature from the other metals. 

Mrs. B. One of its greatest peculiarities is that 
it retains a fluid state at the temperature of the at- 
mosphere. All metals are fusible at different de- 
grees of heat, and they have likewise eaxh the pro- 
perty of freezing or becoming solid at a certain fixed 
temperature. Mercury congeals only at 72° below 
the freezing point. 

Emily. That is to say, that in order to freeze, it 
requires a temperature 72° colder than that at which 
water freezes. 

Mrs. B. Exaaiy so. 

Caroline. But is the temperature of the atmos- 
phere ever so low as that ? 

Mrs. B. Scarcely ever, at least in any inhabited 
part of the globe \ therefore mercury is never found 
solid in nature, but it may be congealed by artificial 
cold ; I mean such intense cold as can be produced 
by some chemical mixtures. 

Caroline. And can mercury be made to boil and 
evaporate ? 

Mrs. B. Yes, like any other liquid j only it re- 
quires a much greater degree of heat. At the tern- 
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perature of 600°, it begins to boil and evaporate 
like water. 

Mercury combines with gold, silver, tin, and with 
several other metals ; and, if mixed with any of 
them in a sufficient proportion, it penetrates the 
solid metal, softens it, loses its own fluidity, and 
forms an amalgam, which is the name given to the 
combination of any metal with mercury, forming a 
substance more or less solid, according as the mer- 
cury or the other metal predominates. 

Emily. In the list of metals there are some whose 
names I have never before heard mentioned, 

Mrs. B. There are several that have been re- 
cently discovered, whose properties are yet but lit- 
tle known, as for instance, titanium which was dis- 
covered by the Revd. Mr. Gregor, in the tin mines 
of Cornwall ; columbium, which has lately been 
discovered by Mr. Hatchett ; and osmium, iridium, 
palladium, and rhodium, all of which Dr. Woolaston 
and Mr. Tennant found mixed with crude platina. 

Caroline. Arsenic has been mentioned amongst 
the metals ; I had no notion that it belonged to that 
elass of bodies, for I had never seen it but as a pow- 
der, and never thought of it but as a most deadly 
poison. 

Mrs. B. In its pure metallic state, I believe, it 
is not so poisonous ; but it has so great an affinity 
for oxygen, that it absorbs it from the atmosphere 
at its natural temperature ; you have seen it, there- 
fore, only in its state of oxyd, when, from its com- 
bination with oxygen, it has acquired its very poi- 
sonous properties. 

Caroline. Is it possible that oxygen can impart 
poisonous qualities ? That valuable substance which 
produces light, and fire, and which all bodies in na- 
ture are so eager to obtain ! 

Mrs. B. Most of the metallic oxyds are poison- 
ous, and derive this property from their union with 
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oxygen. The white lead, so much used in paint, 
owes its pernicious effects to oxygen. In general 
oxygen, in a concrete state, appears to be particu- 
larly destructive in its effects on flesh or any animal 
matter ; and those oxyds are most caustic that have 
an acrid burning taste, which proceeds from the 
metal having but a slight affinity for oxygen, and 
therefore easily yielding it to the flesh which it cor- 
rodes and destroys. 

Emily. What is the meaning of the word caustic, 
which you have just used ? 

Mrs. B. It expresses that property which some 
bodies possess, of disorganizing and destroying ani- 
mah matter, by operating a kind of combustion, or 
at least a chemical decomposition. You must often 
have heard of caustics used to burn warts, or other 
animal excrescences; most of these bodies owe their 
destructive power to the oxygen with which they 
are combined. The common caustic,* called lunar 
caustic, is a compound formed by the union of nitric 
acid and silver; and it is supposed to owe its caustic 
qualities to the oxygen contained in the nitric acid. 

Caroline. But, pray, are not acids still more caus- 
tic than oxyds, as they contain a greater proportion 
of oxygen ? 

Mrs. B. Some of the acids are ; but the caustic 
property of a body depends not only upon the quan- 
tity of oxygen which it contains, but also upon its 
slight affinity for that principle, and the consequent 
facility with which it yields it. 

Emily. Is not this destructive property of oxygen 
accounted for ? 

Mrs. B. It proceeds probably from the strong 
attraction of oxygen for hydrogen ; for if the one 

* The author means to say, " the caustic in common use." The 
*' common caustic," of the shops, is pot-ash deprived of all its car- 
bonic acid. Am. Editor. 
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rapidly absorbs the other from the animal fibre, a 
disorganization of the substance must ensue. 

Emily. Caustics are then very properly said to 
burn the flesh, since the combination of oxygen and 
hydrogen is an actual combustion. 

Caroline. Now, I think, this effect would be more 
properly termed an oxydation, as there is no disen- 
gagement of light and heat. 

Mrs. B. But there really is a sensation of heat 
produced by the action of caustics ; and the caloric 
that is disengaged must, I think, partly, if not whol- 
ly, proceed from the oxygen which the caustic yields 
to the flesh. 

Caroline. Yet the oxygen of a caustic is not in 
a gaseous state, and can therefore have no caloric to 
part with ? 

Mrs. B. In whatever state oxygen exists, we 
may suppose that, like every other body in nature, 
it retains some portion of caloric •, and if, in com- 
bining with the hydrogen of the flesh, it becomes 
more dense than it previously was in the caustic, it 
must part with caloric whilst this change is taking 
place. I believe I have once before observed that 
we may, in a great measure, judge of the compara- 
tive degree of solidity which oxygen assumes in a 
body, by the quantity of caloric liberated during its 
combination ; and when we find, that, in its pas- 
sage from one body to another, heat is evolved, we 
may be certain that it exists in a more solid state in 
the latter. 

Emily. But if oxygen is so caustic, why does not 
that contained in the atmosphere burn us ? 

Mrs. B. Because it is in a gaseous state, and has 
a greater attraction for its caloric than for the hy- 
drogen of our bodies. Besides, should the air be 
slightly caustic, we are in a great measure sheltered 
from its effects by the skin; you all know how much 
a wound, however trifling, smarts on being exposed 
to it. 
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Caroline. It is a curious idea, however, that we 
should live in a slow fire. But, if the air was caus- 
tic, would it not have an acrid taste ? 

Mrs. B. It possibly may have such a taste ; 
though in so slight a degree, that custom has ren- 
dered it insensible. 

Caroline. And why is not water caustic ? When 
I dip my hand into water, though cold, it ought to 
burn me from the caustic nature of its oxygen. 

Mrs. B. Your hand does not decompose the 
water ; the oxygen in that state is much better sup- 
plied with hydrogen than it would be by animal 
matter, and if its causticity depend on its affinity 
for that principle, it will be very far from quitting 
its state of water to act upon your hand. You must 
not forget that oxyds are caustic in proportion as 
the oxygen adheres slightly to them. 

Emily. Since the oxyd of arsenic is poisonous, 
its acid, I suppose, is fully as much so ? 

Mrs. B. Yes; it is one of the strongest poisons 
in nature. 

Emily. There is a poison called verdigris, which 
forms on brass and copper when not kept very clean; 
and this, I have heard, is an objection to these me- 
tals being made into kitchen utensils. Is this poi- 
son likewise occasioned by oxygen? 

Mrs. B. It is produced by the intervention of 
oxygen; for verdigris is a compound salt formed by 
the union of vinegar and copper; it is of a beautiful 
green colour, and much used in painting. 

Emily. But, I believe, verdigris is often formed 
on copper when no vinegar has been in contact 
with it. 

Mrs. B. Not real verdigris, but compound salts, 
somewhat resembling it, may be produced by the 
action of any acid on copper. 

There is a beautiful green salt produced by the 
combination of cobalt with muriatic acid, which has- 
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the singular property of forming what is called sym- 
pathetic ink. Characters written with this solution 
are invisible when cold, but when a gentle heat is 
applied, they assume a fine blueish green colour. 

Caroline. I think one might draw very curious, 
landscapes with the assistance of this ink; I would 
first make a water colour drawing of a winter scene, 
in which the trees shall be leafless and the grass 
scarcely green; I would then trace all the verdure 
with the invisible ink, and whenever I chose to cre- 
ate spring, I should hold it before the fire, and its 
warmth would cover the landscape with a rich ver- 
dure. 

Mrs. B. That will be a very amusing experiment, 
and I advise you by all means to try it. — I must now, 
however, take my leave of you ; we have had a ve- 
ry long lecture, and I hope you will be able to re- 
member it. Do not forget to write down all you 
can recollect of this conversation, for the subject is 
of great importance, though it may not appear at 
first very entertaining. 



CONVERSATION X. 
On Alkalies. 



Mrs. B. 
After having taken a general view of combusti- 
ble bodies, we now come to the alkalies, and the 
earths, which compose the class of incombustibles; 
that is to say, of such bodies as do not combine with 
oxygen at any known temperature. 
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Caroline. I am afraid that the incombustible sub- 
stances will not be near so interesting as the others-, 
for I have found nothing in chemistry that has plea- 
sed me so much as the theory of combustion. 

Mrs. B. Do not however depreciate the incom- 
bustible bodies before you are acquainted with them; 
you will find they also possess properties highly im- 
portant and interesting. 

Some of the earths bear so strong a resemblance 
in their properties to the alkalies, that it is a diffi- 
cult point to know under which head to place them. 
The celebrated French chemist, Fourcroy, has class- 
ed two of them (Barytes and Strontites) with the 
alkalies ; but, as lime and magnesia have almost an 
equal title to that rank, I think it better not to se- 
parate them, and therefore have adopted the com- 
mon method of classing them with the earths, and 
of distinguishing them by the name of alkaline earths. 

We shall first take a review of the alkalies, of 
which there are three species : potash, soda, and 
ammonia. The two first are called fixed alkalies, 
because they exist in a solid form at the tempera- 
ture of the atmosphere, and require a great heat to 
be volatilized. The third, ammonia, has been dis- 
tinguished by the name of volatile alkali, because its 
natural form is that of gas. 

Caroline. Ammonia ? I do not recoiled! that name 
in the list of simple bodies. 

Mrs. B. The reason why you do not find it 
there is, that it is a compound ; and if I introduce 
it to your acquaintance now, it is on account of its 
close connection with the two other alkalies, which 
it resembles essentially in its nature and properties. 
Indeed it is not long since ammonia has resigned its 
place among the simple bodies, as it was not, till 
lately, supposed to be a compound ; nor is it impro- 
bable that potash and soda may some day undergo 
the same fate, as they are strongly suspected of be- 
ing compounds also. 
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The general properties of alkalies are, an acrid 
burning taste, a pungent smell, and a caustic action 
on the skin and flesh. 

Caroline. How can they be caustic, Mrs. B. since 
they do not contain oxygen ? 

Mrs. B. Whatever substance has an affinity for 
any one of the constituents of animal matter, suffi- 
ciently powerful to decompose it, is entitled to the 
appellation of caustic. The alkalies, in their pure 
state, have a very strong attraction for water, for 
hydrogen, and for carbone, which, you know, are 
the constituent principles of oil, and it is chiefly by 
absorbing these substances from animal matter, that 
they effect its decomposition : for, when diluted 
with a sufficient quantity of water, or combined 
with any oily substance, they lose their causticity. 

But, to return to the general properties of alka- 
lies — they change the colour of syrup of violets, and 
other blue vegetable infusions, to green ; and have, 
in general, a very great tendency to unite with acids, 
although the respective qualities of these two class- 
es of bodies form a remarkable contrast. 

We shall examine the result of the combination 
of acids and alkalies more particularly when we have 
completed our general view of the simple bodies. 
It will be sufficient at present to inform you, that 
whenever acids are brought in contact with alkalies, 
or alkaline earths, they unite with a remarkable ea- 
gerness, and form compounds perfectly different 
from either of their constituents ; these compounds 
are called neutral or compound salts. 

Caroline. Are they of the same kind as the salts 
formed by the combination of a metal and an acid ? 

Mrs. B. Yes ; they are analogous in their na- 
ture, although different in many of their properties. 

A methodical nomenclature, similar to that of the 
acids, has been adopted for the compound salts. 
Each individual salt derives its name from its consti= 
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tuents, so that every name implies a knowledge of 
the composition of the salt. 

The three alkalies, the alkaline earths, and the 
metals, are called salifiable bases or radicals, and the 
acids, salifying principles. The name of each salt is 
composed both of that of the acid and the salifiable 
base ; and it terminates in at or it, according to the 
degree of oxygenation of the acid. Thus, for in- 
stance, all those salts which are formed by the com- 
bination of the sulphuric acid with any of the salifi- 
able bases, are called sulphats, and the name of the 
radical is added for the specific distinction of the 
salt j if it be potash, it will compose a sulphat of pol- 
ish ; if ammonia, sulphat of ammonia, &c. 

Emily. The crystals which we obtained from the 
combination of iron and sulphuric acid, were there- 
fore sulphat of iron P 

Mrs. B. Precisely ; and those which we prepa- 
red by dissolving copper in nitric acid, nitrat of cop" 
per, and so on. But this is not all ; if the salt be 
formed by that class of acids which ends in ous 
(which you know, indicates a less degree of oxyge- 
nation), the termination of the name of the salt 
will be in it, as sulphit of potash, sulphit of ammonia, 

Emily. There must be an immense number of 
compound salts, since there is so great a variety of 
salifiable radicals, as well as of salifying principles. 

Mrs. B. Their real number cannot be ascertain- 
ed, since it increases every day as the science advan- 
ces. But, before we proceed farther in the investi- 
gation of the compound salts, it is necessary that 
we should examine the nature of the ingredients 
from which they are composed. Let us therefore 
return to the alkalies. The dry white powder which 
you see in this phial is pure caustic potash ; it is 
very difficult to preserve it in this state, as it attracts 
with extreme avidity the moisture from the atmos- 
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phere, and if the air were not perfectly excluded, it 
would in a very short time be actually melted. 

Emily. It is then, I suppose, always found in a 
liquid state ? 

Mrs. B. No; it exists in nature in a great varie- 
ty of forms and combinations, but is never found in 
its pure separate state ; it is combined with carbonic 
acid, with which it exists in every part of the ve- 
getable kingdom, and is most commonly obtained 
from the ashes of vegetables, which compose the 
substance that remains after all the other parts have 
been volatilized by combustion.* 

Caroline. But you once said, that after the vola- 
tile parts of a vegetable were evaporated, the sub* 
stance that remained was charcoal ? 

Mrs. B. What, my dear ? Do you still confound 
the processes of simple volatilization and combus- 
tion ? In order to procure charcoal we evaporate 
such parts as can be reduced to vapour by heat alone - 
but when we burn the vegetable, we volatilize the 
carbone also, by converting it into carbonic acid 
gas. 

Caroline. That is true ; I hope I shall make no 
more mistakes in my favourite theory of combustion. 
Mrs. B. Potash derives its name from the pots 
in which the vegetables from which it was obtained 
used formerly to be burnt ; the alkali remained mix- 
ed with the ashes at the bottom, and was tHence 
called potash. 

Caroline. There is some good sense in this name 
as it will always remind us of the operation, and of 
the general source from which this alkali is derived. 



* Professor Davy of the Royal Institution In London has, since 
the publication of this work, discovered the bases of pot ish and of soda. 
It appeals front the accounts given, tha. he has obtained them sepa- 
rately, and they look like metals, both in their solid and fluid form. 
They also combine with metals, preserving their metallic appearance', 
With oxygen they rccompose potash and soda. Am. Editor, 
0^2 



Emily. The ashes of a wood lire, then, are 
ash, since they are vegetable ashes ? 

Mrs. B. They always contain more or less pot- 
ash, but are very far from consisting of that substance 
alone, as they are a mixture of various earths and 
salts which remain after the combustion of vegeta- 
bles, and from which it is not easy to separate the 
alkali in its pure form. The process by which pot- 
ash is obtained, even in the imperfect state in which 
it is used in the arts, is much more complicated 
than simple combustion. It was once deemed im- 
possible to separate it entirely from all foreign sub- 
stances, and it is only in chemical laboratories that 
it is to be met with in the state of purity in which 
you find it in this phial. Wood ashes are, howe- 
ver, valuable for the alkali which they contain, and 
are used for some purposes without any further pre- 
paration. Purified in a certain degree, they make 
what is commonly called pearl ash, which is of great 
efficacy in taking out grease, in washing linen, &c. 
for potash combines readily with oil or fat, with 
which it forms a compound well known to you un- 
der the name of soap. 

Caroline. Really ! Then I should think it would 
be better to wash all linen with pearl ash than with 
soap, as, in the latter case, the alkali, being already 
combined with oil, must be less efficacious in ex- 
tracting grease. 

Mrs. B. Its effect would be too powerful on fine 
linen, and would injure its texture •, pearl-ash is 
therefore only used for that which is of a strong 
coarse kind. For the same reason you cannot wash 
your hands with plain potash; but, when mixed 
with oil in the form of soap, it is soft as well as 
cleansing, and is therefore much better adapted to 
the purpose. 

Caustic potash, as we already observed, acts on 
the skin, and animal fibre, in virtue of its attraction 
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for water and oil, and converts all animal matte: in- 
to a kind of saponaceous jelly. 

Emily. Are vegetables the only source from 
which potash can be derived ? 

Mrs. B. No : for though far most abundant in 
vegetables, it is by no means confined to that class 
of bodies, being found also on the surface of the 
earth mixed with various minerals, especially with 
earths and stones, whence it is supposed to be con- 
veyed into vegetables by the roots of the plant. It 
is also met with, though in very small quantities, in 
some animal substances. The most common state 
of potash is that of carbonat ; I suppose you under- 
stand what that is ? 

Emily. I believe so ; though I do not recollect 
that you ever mentioned the word before. If I am 
not mistaken, it must be a compound salt formed by 
the union of carbonic acid with potash. 

Mrs. B. Very true ; you see how admirably the 
nomenclature of modern chemistry is adapted to 
assist the memory ; when you hear the name of a 
compound, you necessarily learn what are its con- 
stituents ; and when you are acquainted with the 
constituents, you can immediately name the com- 
pound that they form. 

Caroline. Pray, how were bodies arranged and 
distinguished before this nomenclature was introdu- 
ced ? 

Mrs. B. Chemistry was then a much more diffi- 
cult study ; for every substance has an arbitrary 
name, which it derived either from the person who 
discovered it, as Glauber's salts for instance, or from 
some other circumstance relative to it, though quite 
unconnected with its real nature, as potash. 

These names have been retained for some of the 
simple bodies; for as this class is not numerous, and 
therefore can easily be remembered, it has not been 
thought necessary to change them. 
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Emily. Yet I think it would have rendered the 
new nomenclature more complete to have methodized 
the names of the elementary as well as of the com- 
pound bodies, though it could not have been done 
in the same manner. But the names of the simple 
substances might have indicated their nature, or at 
least, some of their principal properties ; and if, 
like the acids and compound salts, all the simple bo- 
dies had a similar termination, they would have 
been immediately known as such. So complete and 
regular a nomenclature would I think, have given a 
clearer and more comprehensive view of chemistry, 
than the present, which is a medley of the old and 
new terms. 

Mrs. B. But you are not aware of the difficulty 
of introducing into science an entire set of new 
terms ; it obliges all the teachers and professors to 
go to school again ; and if some of the old names, 
that are least exceptionable, were not left as an in- 
troduction to the new ones, few people would have 
had industry and perseverance enough to submit to 
the study of a completely new language ; and the 
inferior classes of artists, who can only act from ha- 
bit and routine, would, at least, for a time, have 
felt material inconvenience from a total change of 
their habitual terms. From these considerations, 
Lavoisier and his colleagues, who invented the new 
nomenclature, thought it most prudent to leave a 
few links of the old chain, in order to connect it 
with the new one. Besides, you may easily con- 
ceive the inconvenience which might arise from 
giving a regular nomenclature to substances, the 
simple nature of which is always uncertain ; for the 
new names might, perhaps, have proved to have 
been founded in error. And, indeed, cautious as 
the inventors of the modern chemical language have 
been, it has already been found necessary to modify 
it in many respe&s. In those few cases, however. 
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in which new names have been adopted to designate 
simple bodies, these names have been so contrived 
as to indicate one of the chief properties of the bo- 
dy in question ; this is the case with oxygen, which, 
as I explained to you, signifies to produce acids j 
and hydrogen, to produce water. 

But to return to the alkalies. — We shall now try 
to melt some of this caustic potash in a little water, 
as a circumstance occurs during its solution very 
worthy of observation. — Do you feel the heat that 
is produced ? 

Caroline. Yes, I do ; but is not this directly con- 
trary to our theory of caloric, according to which 
heat is disengaged when fluids become solid, and 
cold produced when solids are melted ? 

Mrs. B. The latter is really the case in all solu- 
tions ; and if the solution of caustic alkalies seems 
to make an exception to the rule, it does not, I be- 
lieve, form any solid objection to the theory. The 
matter may be explained thus : When water first 
comes in contact with the potash, it produces an ef- 
fect; similar to the slakeing of lime, that is, the wa- 
ter is solidified in combining with the potash, and 
thus loses its latent heat ; this is the heat that you 
now feel, and which is, therefore, produced not by 
the melting of the solid, but by the solidification of 
the fluid. But when there is more water than the 
potash can absorb and solidify, the latter then yields 
to the solvent power of the water ; and if we do not 
perceive the cold produced by its melting, it is be- 
cause it is counterbalanced by the heat previously 
disengaged.* 

* If, however, this defence of the general theory be true, it ought 
to be found, on accurate examination, that a certain quantity of heat 
ultimately disappears : or should this explanation be rcjeded, the 
phenomenon might be accounted for by supposing that a solution of 
alkali in water has Jess capacity for heat than either water 01* alkaii 
in their separate state. 
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A very remarkable property of potash is the for- 
mation of glass by its fusion with silicious earth. 
You are not yet acquainted with this last substance 
further than its being in the list of simple bodies. 
It is sufficient, for the present, that you should 
know that sand and flint are chiefly composed of it: 
alone, it is infusible ; but mixed with potash, it 
melts when exposed to the heat of a furnace, com- 
bines with the ilkali, and runs into glass. 

Caroline. Who would ever have supposed that 
the same substance that converts transparent oil in- 
to such an opaque body as soap, should transform 
that opaque substance, sand, into transparent glass ! 

Mrs. B. The transparency, or opacity of bo- 
dies, does not, I conceive, depend so much upon 
their intimate nature, as upon the arrangement of 
their particles ; we cannot have a more striking in- 
stance of this, than that which is afforded by the 
different states of carbone, which, though it com- 
monly appears in the form of a black opaque body, 
sometimes assumes the most dazzling transparent 
form in nature, that of diamond, which, you recol- 
lect, is nothing but carbone, and which, in all pro- 
bability, derives its beautiful transparency from the 
peculiar arrangement of its particles during their 
crystallization. 

Emily. I never should have supposed that the 
formation of glass was so simple a process as you 
describe it. 

Mrs. B. It is by no means an easy operation to 
make perfect glass ; for if the sand, or flint, from 
which the silicious earth is obtained be mixed with 
any metallic particles, or other substance which 
cannot be vitrified, the glass will be discoloured, or 
defaced by opaque specks. 

Caroline. That I suppose is the reason why ob- 
jects so often appear irregular and shapeless through 
a common glass window. 
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Mrs. B. This species of imperfection proceeds, 
I believe, from another cause. It is extremely dif- 
ficult to prevent the lower part of the vessels in 
which the materials of glass are fused, from con- 
taining a more dense vitreous matter than the upper, 
on account of the heavier ingredients falling to the 
bottom. When this happens, it occasions the ap- 
pearance of veins or waves in the glass, from the 
difference of density in its several parts, which pro- 
duces an irregular refraction of the rays of light 
that pass through it. 

Another species of imperfection sometimes arises 
from the fusion not being continued for a length of 
time sufficient to combine the two ingredients com- 
pletely, or from the due proportions of potash and 
silex (which are as two to one), not being carefully 
observed ; the glass, in those cases, will be liable to 
alteration from the action of the air, of salts, and 
especially of acids, which will effect its decomposi- 
tion by combining with the potash and forming 
compound salts. 

Emily. What an extremely useful substance pot- 
ash is ! 

Mrs. B. Besides the great importance of potash 
in the manufactures of glass and soap, it is of very 
considerable utility in many of the other arts, and 
in its combinations with several acids, particularly 
the nitric, with which it forms saltpetre. 

Caroline. Then saltpetre must be a nitrat of pot- 
ash ? But we are not yet acquainted with the nitric 
acid ? 

Mrs. B. We shall, therefore, defer entering in- 
to the particulars of these combinations, till we come 
to a general review of the compound salts. In or- 
der to avoid confusion, it will be better at present 
to confine ourselves to the alkalies. 

Emily. Cannot you shew us the change of colour 
which you said the alkalies produced on blue vege- 
table infusions? 
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Mrs. B. Yes; very easily. I shall dip a piece 
of white paper into this syrup of violets, which, you 
see, is of a deep blue, and dyes the paper of the 
same colour — As soon as it is dry, we shall dip it 
into a solution of potash, which, though itself co- 
lourless, will turn the paper green — 

Caroline. So it has indeed ! And do the other al- 
kalies produce a similar effect? 

Mrs. B. Exactly the same. — We may now pro- 
ceed to Soda, which, however important, will de- 
tain us but a very short time; as in all its general 
properties it very strongly resembles potash; indeed, 
so great is their similitude, that they have been long 
confounded, and they can now scarcely be distin- 
guished except by the difference of the salts which 
they form with acids. 

The great source of this alkali is the sea, where, 
combined with a peculiar acid, it forms the salt with 
which the waters of the ocean are so strongly im- 
pregnated. 

Emily. Is not that the common table salt ? 

Mrs. B. The very same; but again we must post- 
pone entering into the particulars of this interesting 
combination, till we treat of the neutral salts. Soda 
may be obtained from common salt; but the easiest 
and most usual method of procuring it, is by the 
combustion of marine plants, an operation perfect- 
ly analogous to that by which potash is obtained 
from vegetables. 

Emily. From what does soda derive its name? 

Mrs. B. From a plant called by us soda, and by 
the Arabs kali-, which affords it in great abundance. 
Kali has, indeed, given its name to the alkalies in 
general. 

Caroline. Does soda form glass and soap, in the 
same manner as potash? 

Mrs. B Yes; it does; it is of equal importance 
in the arts, and is even preferred to potash for some 
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purposes; but you will not be able to distinguish 
their properties, till we examine the compound salts 
which they form with acids; we must therefore 
leave soda for the present, and proceed to AMMO- 
NIA, or the VOLATILE ALKALI. 

Emily. I long to hear something of this alkali ; 
is it not of the same nature as hartshorn ? 

Mrs. B. Yes, it is, as you will see by and by. 
This alkali is seldom found in nature in its pure 
state; it is most commonly extracted from a com- 
pound salt called sal ammoniac, which was formerly 
imported from Ammonia, a region of Lybia', from 
which both the salt and the alkali, derive their names. 
The crystals contained in this bottle are specimens 
of this salt, which consists of a combination of am- 
monia and muriatic acid. 

Caroline. Then it should be called murtai of am- 
monia ; for though I am ignorant what muriatic acid 
is, yet I know that its combination with ammonia 
cannot but be so called ; and I am surprised to see 
sal ammoniac inscribed on the label. 

Mrs. B. That is the name by which it has been 
so long known, that the modern chemists have not 
yet succeeded in banishing it altogether ; and it is 
still sold under that name by druggists, though by 
scientific chemists it is more properly called muriat 
of ammonia. 

Emily. By what means can the ammonia be se- 
parated from the muriatic acid ? 

Mrs. B. By a display of chemical attractions ; 
but this operation is too complicated for you to un- 
derstand, till you are better acquainted with the 
agency of affinities. 

Emily. And when extracted from the salt, what 
kind of substance is ammonia ? 

Mrs. B. Its natural form at the temperature of 
the atmosphere, when free from combination, is 
that of gas ; and in this state it is called ammoniacal 

R 
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gas. But it mixes very readily with water, and can 
be thus obtained in a liquid form. 

Caroline. You said that ammonia was a com- 
pound •, pray, of what principles is it composed ? 

Mrs. B. It was discovered a few years since, by 
Berthollet, a celebrated French chemist, that it con- 
sisted of about one part of hydrogen to four parts 
of nitrogen. Having heated ammoniacal gas under 
a receiver, by causing the electrical spark to pass 
repeatedly through it, he found that it increased 
considerably in bulk, lost all its alkaline properties, 
and was actually converted into hydrogen and nitro- 
gen gasses. 

Emily. Ammoniacal gas must, I suppose, be ve- 
ry heavy, since it expands so much when decompo- 
sed ? 

Mrs. B. Compared with hydrogen gas, it cer- 
tainly is ; but it is considerably lighter than oxygen 
gas, and only about half the weight of atmospheri- 
cal air. It possesses most of the properties of the 
fixed alkalies •, but cannot be of so much use in the 
arts on account of its volatile nature. It is, there- 
fore, never employed in the manufacture of glass, 
but it forms soap with oils equally as well as potash 
and soda ; it resembles them likewise in its strong 
attraction for water ; for which reason it can be col- 
lected in a receiver over mercury only. 

Caroline. I do not understand this ? 

Mrs. B. Do you recollect the method which we 
used to collect gasses in a glass receiver over water? 

Caroline. Perfectly. 

Mrs. B. Ammoniacal gas has so strong a ten- 
dency to unite with water, that, instead of passing 
through that fluid, it would be instantaneously ab- 
sorbed by it. We can therefore neither use water 
for that purpose, nor any other liquid of which wa- 
ter is a component part ; so that, in order to collect 
this gas, we are obliged to have recourse to mercu- 
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ry (a liquid which has no aftion upon it), and we 
use a mercurial bath,, instead of a water bath, as 
we did on former occasions* Water impregnated 
with this gas, is nothing more than the fluid which 
you mentioned at the beginning of the conversation 
— hartshorn ; it is the ammoniacal gas escaping from 
the water which gives it so powerful a smell. 

Emily.- But there is no appearance of efferves- 
cence in hartshorn ? 

Mrs. B. Because the particles of gas that rise 
from the water are too subtle and minute for their 
effect to be visible. 

Water diminishes in density by being impregna- 
ted with ammoniacal gas ; and this augmentation of 
bulk increases its capacity for caloric. 

Emily. In making hartshorn, then, or impreg- 
nating water with ammonia, heat must be absorbed, 
and cold produced ? 

Mrs. B. That effect would take place if it was 
not counteracted by another circumstance •, the gas 
is liquefied by incorporating with the water, and 
gives out its latent heat. The condensation of the 
gas more than counterbalances the expansion of the 
water; therefore, upon the whole, heat is produced. 
— But if you dissolve ammoniacal gas with ice or 
snow, cold is produced.— Can you account for that? 

Emily. The gas, in being condensed into a li- 
quid, must give out heat; and, on the other hand, 
the snow or ice, in being rarefied into a liquid, must 
absorb heat ; so that, between the opposite effects, 
I should have supposed the original temperature 
would have been preserved. 

Mrs. B. But you have forgotten to take into 
the account the rarefaction of the water (or melted 
ice) by the impregnation of the gas ; and this is the 
cause of the cold which is ultimately produced. 

Caroline. Is the sal 'Volatile (the smell of which so 
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strongly resembles hartshorn) likewise a preparation 
of ammonia ? 

Mrs. B. It is carbonat of ammonia dissolved in 
water ; and which, in its concrete state, is common- 
ly called salts of hartshorn. Ammonia is caustic 
like the fixed alkalies, as you may judge by the pun- 
gent efFecls of hartshorn, which cannot be taken in- 
ternally, or applied to delicate external parts, with- 
out being plentifully diluted with water — Oil and 
acids are very excellent antidotes for alkaline poi- 
sons •, can you guess why ? 

Caroline. Perhaps, because the oil combines with 
the alkali, and forms soap, and thus destroys its 
caustic properties ; and the acid converts it into a 
compound salt, which I suppose, is not 60 pernicious 
as caustic alkali. 

Mrs. B. Precisely so. 

Ammoniacal gas, if it be mixed with atmospheri^ 
eal air, and a burning taper repeatedly plunged into 
it, will burn with a large flame of a peculiar yellow 
colour. 

Evilly. . I thought that all the alkalies were in- 
roiabustible ? 

Caroline. Besides, you say that flame is produced 
by the combustion of hydrogen only ? 

Mrs. B. And is not hydrogen gas one of the 
constituents of ammoniacal gas ? Therefore, though 
generally speaking, the alkalies are incombustible, 
yet one of the constituents of ammonia is eminent- 
ly combustible. 

Emily. I own I had forgotten that ammonia was 
a compound. But pray tell me, can ammonia be 
procured from this Lybian salt only. 

Mrs. B. So far from it, that it is contained in, 
and may be extracted from, all animal substances 
whatever. Hydrogen and nitrogen are two of the 
chief constituents of animal matter j it is therefore 
not surprising that they should occasionally meet 
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and combine in those proportions that compose ariil- 
monia. But this alkali is more frequently generated 
by the spontaneous decomposition of animal sub- 
stances ; the hydrogen and nitrogen gasses that arise 
from putrified bodies eombine, and form the vola- 
tile alkali. 

Muriat of ammonia, instead of being exclusively 
brought from Lybia, as it originally was, is now 
chiefly prepared in Europe, by chemical processes. 
Ammonia, although principally extracted from this 
salt, can also be produced by a great variety of other 
substances. The horns of cattle, especially those 
of the deer, yield it in abundance, and it is from 
this circumstance that a solution of ammonia in wa-> 
ter has been called hartshorn. It may likewise be 
procured from wool, flesh, and bones ; in a word, 
any animal substance whatever yields it by decom- 
position. 

We shall now lay aside the alkalies, however im- 
portant the subject may be, till we treat of their 
combination with acids. The next time we meet 
we shall examine the earths, which will complete 
our review of the class of simple bodies, after which. 
we shall proceed to their several combinations. 



CONVERSATION XL 
Oh Earths. 



Mrs. B. 

The earths, which we are to-day to examine are 
ten in number ; 
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SILEX, STRONTITES, 

ALUM1NE, YTTRIA, 

BARYTES, GLUCINA, 

LIME, ZIRCONIA, 

MAGNESIA, GARGONIA. 

The five last are of very late discovery, their 
properties are but imperfectly known ; and as they 
have not yet been applied to use, it will be unneces- 
sary to enter into any particulars respecting them ; 
we shall confine our remarks, therefore, to the six 
first. The earths in general are, like the alkalies, 
incombustible substances. 

Caroline. Yet I have seen turf burnt in the coun- 
try, and it makes an excellent fire ; the earth be- 
comes red hot, and produces a very great quantity 
of heat. 

Mrs. B. It is not the earth that burns, my dear, 
but the roots, grass, and other remnants of vegeta- 
bles that are intermixed with it. The caloric, which 
is produced by the combustion of these substances, 
makes the earth red hot, and this being a bad con- 
ductor of heat, retains its caloric a long time ; but 
were you to examine it when cooled, you would 
find that it had not absorbed one particle of oxygen, 
nor suffered any alteration from the fire. Earth is, 
however, from the circumstance just mentioned, aa 
excellent reflector of heat, and owes its utility when 
mixed with fuel, solely to that property. It is in 
this point of view that Count Rumford has recom- 
mended balls of incombustible substances to be ar- 
ranged in fire places, and mixed with the coals, by 
which means the caloric disengaged by the combus- 
tion of the latter, is more perfectly reflected into 
the room, and an expense of fuel is saved. 

Earth, you know, was supposed to be one of the 
four elements ; but now that a variety of earths 
have been discovered and clearly discriminated, no 
single one can be exclusively called an element, and 
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as none of them have been decomposed, they have 
all an equal title to the rank of simple bodies, which 
are the only elements that we now acknowledge. — 
It is from these earths, either in their simple state, 
or mixed together and combined with other mine- 
rals, that the solid part of our globe is formed.* 

Emily. When I think of the great variety of soils, 
I am astonished that there are not a great number 
of earths to form them. 

Mrs. B. You might, indeed, almost confine that 
number to four; for barytes, strontites, and the 
others of late discovery, act but so ^mall a part in 
this gre^t theatre, that they cannot be reckoned as 
essential to the general formation of the globe. And 
you must not confine your idea of earths to the for- 
mation of soil; for rock, marble, chalk, slate, sand, 
flint, and all kinds of stones, from the precious jew- 
els to the commonest pebbles; in a word all the im- 
mense variety of mineral products, may be referred 
to some of these earths, either in a simple state, or 
combined the one with the other, or blended with 
other ingredients. 

Caroline. Precious stones composed of earth! 
That seems very difficult to conceive. 

Emily. Is it more extraordinary than that the 
most precious of all jewels, diamond, should be com- 
posed of carbone? But diamond forms an exception, 
Mrs. B — ; for, though a stone, it is not composed 
of earth. 

Mrs. B. I did not specify the exception, as I 
knew you were so well acquainted with it. Besides, 
I would call diamond a mineral rather than a stone, 



* From his late experiments it is Professor Davy's opinion that 
the different earths consist of bases of a peculiar metallic nature, 
having a very strong affinity foi oxygen, by uniting with which they 
form those earths respectively. He believes he h.ts already made 
visible by the assistance of Galvanism the basis of the one called 
barytes. Am y Editor. 
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as the latter term always implies the presence of 
seme earth. 

Caroline. I cannot conceive how such coarse ma- 
terials can be converted into such beautiful produc- 
tions. 

Mrs. B. We are very far from understanding 
all the secret resources of nature; but I do not think 
the spontaneous formation of the crystals, which we 
call precious stones, one of the most difficult phe- 
nomena to comprehend. 

By the slow and regular work of ages, perhaps of 
hundreds of ages, these earths may be gradually dis- 
solved by water, and as gradually deposited by their 
solvent in the slow and undisturbed process of crystal- 
lization. The regular arrangement of their particles, 
during their reunion in a solid mass, gives them that 
brilliancy, transparency, and beauty, for which they 
are so much admired: and renders them in appear- 
ance so totally different from their rude and primi- 
tive ingredients. 

Caroline. But how does it happen that they are 
spontaneously dissolved, and afterwards crystallized? 

Mrs. B. The scarcity of many kinds of crystals, 
as rubies, emeralds, topazes, &c. shows that their for- 
mation is not an operation very easily carried on in 
nature. But cannot you imagine that when water, 
holding in solution some particles of earth, filters 
through the crevices of hills or mountains, and at 
length dribbles into some cavern, each successive 
drop may be slowly evaporated, leaving behind it 
the particle of earth which it held in solution ? You 
know that crystallization is more regular and perfect, 
in proportion as the evaporation of the solvent is 
slow and uniform; Nature, therefore, who knows 
no limit of time, has, in all works of this kind, an 
infinite advantage over any artist who attempts to 
imitate such productions. 

Emily. I can now conceive that the arrangement 
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of the particles of earth, during crystallization, may 
be such as to occasion transparency, by admitting a 
free passage to the rays of light; but I cannot un- 
derstand why crystallized earths should assume such 
beautiful colours as most of them do. Sapphii'e, for 
instance, is of a celestial blue; ruby, a deep red; 
topaz, a brilliant yellow? 

Mrs. B. Nothing is more simple than to suppose 
that the arrangement of their particles is such, as to 
transmit some of the coloured rays of light, and to 
reflect others, in which case the stone must appear 
of the colour of the rays which it reflects. But, be- 
sides, it frequently happens, that the colour of a 
stone is owing to a mixture of some metallic matter. 
_ Caroline. Pray, are the different kinds of pre- 
cious stones each composed of one individual earth, 
or are they formed of a combination of several 
earths ? 

Mrs. B. ^ A great variety of materials enters into 
the composition of most of them ; not only several 
earths, but sometimes salts and metals. The earths, 
however, in their simple state, frequently form ve- 
ry beautiful crystals; and, indeed, it is in that state 
only that they can be obtained perfectly pure. 

Emily. Is not the Derbyshire spar produced by 
the crystallization of earths, in the way you have 
just explained ? I have been in some of the subter- 
raneous caverns where it is found, which are such 
as you have described. 

Mrs. B. Yes ; but this spar is a very imperfect 
specimen of crystallization ; it consists of a great 
variety of ingredients confusedly blended together, 
as you may judge by its opacity, and by the various 
colours and appearances which it exhibits. 

But, in examining the earths in their most per- 
fect and agreeable form, we must not lose sight of 
that state in which they are most commonly found, 
and which, if less pleasing to the eye, is far more 
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interesting by its utility. Before we proceed fur- 
ther, however, I should observe, that although the 
earths are considered as simple substances (as che- 
mists have not succeeded in decomposing them), yet 
there is considerable reason to suppose that they, as 
well as the alkalies, are compound bodies. From 
the circumstance of their being incombustible, it 
has been conjectured with some plausibility, that 
they may possibly be bodies that have already been 
burnt, and which, being saturated with oxygen, 
will not combine with any additional quantity of 
that principle. 

Caroline. But if they have been burnt, they must 
contain oxygen, which would easily be discovered ? 

Mrs. B. Not if their attraction for it be so strong 
that they will yield it to no other substance ; for, 
during its state of combination, the properties of 
oxygen may be so altered, as to be concealed entire- 
ly from our observation ; and it is possible that this 
may be the case with the earths. Let us suppose 
them, for instance, to have been originally some 
peculiar metals, whose affinity for oxygen was so 
great, that they attracted it from every substance, 
and consequently would yield it to none •, such me- 
tals must ever exist in the state of oxyds ; and, as 
we should not have known them under their metal- 
lic form, we could not consider them as metals, but 
should distinguish them by some specific name, as 
we have done with regard to the earths. 

Caroline. That, indeed, seems very probable ; 
for metals, when oxydated, become to all appear- 
ance a kind of earthy substance. 

Emily. But have the earths any of the properties 
of the metallic oxyds ? 

Mrs. B. Their strongest feature of resemblance 
is their property of combining with the acids to form 
compound salts. 

You must not, however, consider the idea of 
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earths being burnt bodies, as any thing more than 
mere conjecture *, for whatever may be their consti- 
tuents, until we succeed in decomposing them, we 
cannot consider them in any other light than as 
simple bodies. 

Emily. Pray which of the earths are endued 
■with alkaline properties ? 

Mrs. B. All of them, more or less ; but there 
are four, barytes, magnesia, lime, and strontites, 
which are called alkaline earths^ because they possess 
those qualities in so great a degree, as to entitle them, 
in most respects, to the rank of alkalies. They 
combine and form compound salts with acids in the 
same way as alkalies ; they are, like them, suscep- 
tible of a considerable degree of causticity, and are 
similarly acted upon by chemical tests. — The other 
earths, silex and alumine, with one or two others 
of late discovery, are in some degree more earthy, 
that is to say, they possess more completely the pro- 
perties common to all the earths, which are, insipi- 
dity, dryness, unalterableness in the fire, infusibi- 
lity, &c. 

Caroline. Yet, did you not tell us that siiex, or 
silicious earths, when mixed with an alkali, was fu- 
sible, and ran into glass ? 

Mrs. B. Yes, my dear ; but the characteristic 
properties of earths, which I have mentioned, are 
to be considered as belonging to them in a state of 
purity only ; a state in which they are very seldom 
4o be met with in nature. — Besides these general 
properties, each earth has its own specific charac- 
ters, by which it is distinguished from any other sub- 
stance. Let us therefore review them separately. 

Silex, or silica, abounds in flint, sand, sand- 
stone, agate, jasper, &c. it forms the basis of ma- 
ny precious stones, and particularly of those that 
strike fire with steel. It is rough to the touch, 
scratches and wears away metal j it is acted upon by 
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wo acid but the fluoric, and is not soluble in water 
by any known process -,<but nature certainly dissolves 
it by means with which we are unacquainted, and 
thus produces a variety of silicious crystals, and a- 
mongst these rock crystal, which is the purest speci- 
men of this earth. Silex appears to have been in- 
tended by Providence to form the solid basis of the 
globe, to serve as a foundation for the original moun- 
tains, and give them that hardness and durability 
which has enabled them to resist the various revolu- 
tions which the surface of the earth has successively 
undergone. From these mountains silicious rocks 
have, during the course of ages, been gradually de- 
tached by torrents of water, and brought down in 
fragments; these, in the violence and rapidity of 
their descent, are sometimes crumbled to sand, and 
in this state form the beds of rivers and of the sea, 
chiefly composed of silicious materials. Sometimes 
the fragments are broken without being pulverized 
by their fall, and assume the form of pebbles, which 
gradually become rounded and polished. 

Emily. Pray what is the true colour of silex, 
which forms such a variety of different coloured 
substances ? Sand is brown, flint is nearly black, 
and precious stones are of all colours ? 

Mrs. B. Pure silex, such as is found only in the 
chemist's laboratory, is perfectly white, and the 
various colours which it assumes, in the different 
substances you have just mentioned, proceed .from 
the different ingredients with which it is mixed in 
them. 

Caroline. I wonder that silex is not more valua- 
ble, since it forms the basis of so many precious 
stones. 

Mrs. B. You must not forget that the value we 
set upon precious stones, depends in a great measure 
upon the scarcity with which nature affords themi 
for, were those productions either common, or per- 
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fe&ly imitable by art, they would no longer, not- 
withstanding their beauty, be so highly esteemed. 
But the real value of silicious earth, in many of the 
most useful arts, is very extensive. Mixed with 
clay, it forms the basis of all the various kinds of 
earthen ware, from the most common utensils to 
the most refined ornaments. 

Emily. And we must not forget its importance in 
the formation of glass with potash. 

Mrs. B. Nor should we omit to mention, like- 
wise, many other important uses of silex, such as 
being the chief ingredient of some of the most du- 
rable cements, of mortars, &c. 

I said before, that silicious earth combined with 
no acid but the fluoric : it is for this reason that 
glass is liable to be attacked by that acid only, 
which, from its strong affinity for silex, forces that 
substance from its combination with the potash, and 
thus destroys the glass. 

We will now hasten to proceed to the other 
earths, for I am rather apprehensive of your grow- 
ing weary of this part of our subject. 

Caroline. The history of earths is not quite so en- 
tertaining as that of the other simple substances. 

Mrs. B. Perhaps not ; but it is absolutely indis- 
pensable that you should know something of them; 
for they form the basis of so many interesting and 
important compounds, that their total omission 
would throw great obscurity on our general outline 
of chytnical science. We shall, however, review 
them in as cursory a manner as the subject will ad- 
mit of. 

Alumine derives its name from a compound salt 
called alutrty of which it forms the basis. 

Caroline. But it ought to be just the contrary, 
Mrs. B The simple body should give, instead of ta^ 
icing its name from the compound. 
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Mrs. B. Very true, my dear ; but as the com- 
pound salt was known long before its basis was dis- 
covered, it was natural enough when that earth was 
at length separated from the acid, that it should de- 
rive its name from the compound from which it was 
obtained. However, to remove your scruples, we 
will call the salt according to the new nomencla- 
ture, sulphat of Alumine. From this combination, 
alumine may be obtained in its pure state ; it is then 
soft to the touch, makes a paste with water, and 
hardens in the fire. In nature, it is found chiefly 
-in clay, which contains a considerable proportion of 
this earth ; it is very abundant in fuller's earth, 
slate, and a variety of other mineral productions. — 
There is indeed scarcely any mineral substance more 
useful to mankind than alumine. In the state of 
clay, it forms large strata of the earth, gives con- 
sistency to the soil of vallies, and of all low and 
damp spots, such as swamps and marshes. The beds 
of lakes, ponds, and springs, are almost entirely of 
clay •, instead of allowing of the filtration of water, 
as sand does, it forms an impenetrable bottom, and 
by this means water is accumulated in the caverns 
of the earth, producing those reservoirs whence 
springs issue, and spout out at the surface. 

Emily. I always thought that these subterraneous 
reservoirs of water were bedded by some hard stone, 
or rock, which the water could not penetrate. 

Mrs. B. That is not the case ; for in the course 
of time water would penetrate, or wear away silex, 
or any ether kind of stone, while it is effectually 
stopped by clay, or alumine. 

The solid compact soils, such as are fit for corn, 
owe their consistence in a great measure to alumine ; 
this earth is therefore used to improve sandy or 
chalky soils, which do not retain a sufficient quan- 
tity of water for the purpose of vegetation. 
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Alumlne is the most essential ingredient in all 
potteries. It enters into the composition of brick, 
as well as that of the finest china ; the addition of 
silex and water hardens it, renders it susceptible of 
a degree of vitrification, and makes it perfectly fit 
for its various purposes. 

Caroline. I can scarcely conceive that brick and 
china should be made of the same materials. 

Mrs. B. Brick consists almost entirely of baked 
clay ; but a certain proportion of silex is essential to 
the formation of earthen or stone ware. In com- 
mon potteries sand is used for that purpose ; a more 
pure silex is, I believe, necessary for the composi- 
tion of porcelain, as well as a finer kind of clay; 
and these materials are, no doubt, more carefully 
prepared, and curiously wrought, in the one case 
than in the other. Porcelain owes its beautiful 
semi- transparency to a commencement of vitrifica- 
tion. 

Emily. But the commonest earthen ware, though 
not transparent, is covered with a kind of glazing. 

Airs. B. That precaution is equally necessary for 
use as for beauty, as the ware would be liable to be 
spoiled and corroded by a variety of substances, if 
not covered with a coating of this kind. In porce- 
lain it consists of enamel, which is a fine white o- 
paque glass, formed of metallic oxyds, sand, salts, 
and such other materialsas are susceptible of vitrifica- 
tion. The glazing of common earthen ware is made 
chiefly of oxyd of lead, or sometimes merely of salt, 
which, when thinly spread over earthen vessels, 
will, at a certain heat, run into opaque glass. 

Caroline. And of what nature are the colours 
which are used for painting china ? 

Mrs. B. They are all composed of metallic oxyds, 
so that these colours, instead of receiving injury 
from the 'application of fire, are strengthened and 
developed by its action, which causes them to un- 
dergo different degrees of oxydation. 
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Alumine and silex are not only often combined by 
art, but they have in nature a very strong tendency 
to unite, and are found combined, in different pro- 
portions, in various gems and other minerals. In- 
deed, many of the precious stones, such as ruby, 
oriental sapphire, amethyst, &c. consist chiefly of 
Alumine. 

We may now proceed to the alkaline earths. I 
shall say but a few words on Barytes, as it is hardly 
ever used, except in chymical laboratories. It is re- 
markoble for its great weight, and its strong alkaline 
properties, such as destroying animal substances, 
;urning green some blue vegetable colours, and 
shewing a powerful attraction for acids ; this last pro- 
perty it possesses to such a degree, particularly with 
regard to the sulphuric acid, that it will always de- 
tect i: presence in any substance or combination 
whatever, by immediately uniting with it and form- 
ing a sulphat of barytes. This renders it a very va- 
luable chymical test. It is found pretty abundantly 
in nature in the state of carbonat, from which the 
pure earth can be easily separated. 

The next earth we have to consider is Lime.— 
This is a substance of too great and general im- 
portance to be passed over so slightly as the last. 

Lime is strongly alkaline. In nature it is not met 
with in its simple state, as its affinity for water and 
carbonic acid is so great, that it is always found 
combined with these substances, with which it forms 
the common lime-stone ; but it is separated in the 
kiln from these ingredients, which are volatilized 
whenever a sufficient degree of heat is applied. 

Emily. Pure lime then is nothing but lime-stone, 
which has been deprived in the kiln, of its water, 
and carbonic acid ? 

Mrs. B. Precisely ; in this state it is called quick- 
lime, and is so caustic, that it is capable of decom- 
posing the dead bodies of animals very rapidly, 
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without their undergoing the process of putrefac- 
tion. — I have here some quick-lime, which is kept 
carefully corked up in a bottle to prevent the access 
of air ; for were it at all exposed to the atmosphere, 
it would absorb both moisture and carbonic acid 
gas from it, and be soon slaked. Here is also some 
lime-stone — we shall pour a little water on each, and 
observe the effects that result from it. 

Caroline. How quick the lime hisses ! It is be- 
come excessively hot ! — It swells, and now it bursts 
and crumbles to powder, while the water on the 
lime-stone appears to produce no kind of alteration. 

Mrs. B. Because the lime-stone is already satu- 
rated with water, whilst the quick-lime, which has 
been deprived of it in the kiln, combines with it 
with very great avidity, and produces this prodigious 
disengagement of heat, the cause of which I for?- 
merly explained to you ; do you recollect it ? 

Emily. Yes ; you said that the heat did not pro- 
ceed from the lime, but from the water which was 
solidified, and thus parted with its heat of liquidity. 

Mrs. B. Y-ery well. If we continue to add suc- 
cessive quantities of water to the lime after being 
slaked and crumbled as you see, it will then gradu- 
ally be diffused in the water, till it will at length be 
dissolved in it, and entirely disappear ; but for this 
purpose it requires no less than 700 times its weight 
of water. This solution is called lime-water. 

Caroline. How very small, then, is the proportion 
of lime dissolved. 

Mrs. B. Barytes is still of more difficult solu- 
tion •, it dissolves only in 900 times its weight of 
water : but it is much more soluble in the state of 
crystals. The liquid "contained in this bottle is lime- 
water ; it is often used as a medicine, chiefly, I be- 
lieve, for the purpose of combining with, and neu- 
tralizing the super-abundant acid which it meets 
with in the stomach. 

s2 
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Emily. I am surprised that it is so perfectly clear ; 
it does not at all partake of the whiteness of lime. 

Mrs. B. Have you forgotten that, in solutions, 
the solid body is so minutely subdivided by the flu- 
id, as to become invisible, and therefore will not in 
the least degree impair the transparency of the sol- 
vent. 

I said that the attraction of lime for carbonic acid 
was so strong, that it would absorb it from the at- 
mosphere. We may see this effect by exposing a 
glass of lime-water to the air •, the lime will then 
separate from the water, combine with the carbonic 
acid, and re-appear on the surface in the form of a 
white film, which is carbonat of lime, commonly 
called chalk. 

Caroline. Chalk is, then, a compound salt? I ne- 
ver should have supposed that those immense beds 
of chalk that we see in many parts of the country, 
were a salt. Now, the white film begins to appear 
on the surface of the watery but it is far from re- 
sembling hard solid chalk. 

Mrs. B. That is owing to its state of extreme di- 
vision •, in a little time it will collect into a more 
compact mass, and subside at the bottom of the glass. 
If you breathe into lime-water, the carbonic 
acid, which is mixed with the air that you expire, 
will produce the same effect. It is an experiment 
easily made — I shall pour some lime-water into this 
glass tube, and, by breathing repeatedly into it, you 
■will soon perceive a precipitation of chalk — 

Emily. I see already a small white cloud formed. 

Mrs. B. It is composed of minute particles of 
chalk ; at present it floats in the water, but it will 
soon subside. 

Carbonat of lime, or chalk, you see, is insoluble 
in water, since the lime which was dissolved re ap- 
pears when converted into chalk ; but you must 
take notice of a very singular circumstance which is, 
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that chalk is soluble in water impregnated with car- 
bonic acid. 

Caroline. It is very curious, indeed, that carbonic 
acid gas should render lime soluble in one instance, 
and insoluble in the other! 

Mrs. B. I have "here a bottle of Seltzer water, 
which, you know, is strongly impregnated with car- 
bonic acid — let us pour a little of it into a glass of 
lime-water. You see that it immediately forms a 
precipitation of carbonat of lime ! 

Emily. Yes, a white cloud appears. 

Mrs. B. I shall now pour an additional quantity 
of the Seltzer water into the lime-water — 

Emily. How singular ! The cloud is re-dissolved, 
and the liquid is again transparent. 

Mrs. B. All the mystery depends upon this cir- 
cumstance, that carbonat of lime is soluble in car- 
bonic acid, whilst it is insoluble in water; the first 
quantity of carbonic acid, therefore, which I intro- 
duced into the lime-water, was employed in forming 
the carbonat of lime, which remained visible, until 
an additional quantity of carbonic acid dissolved it. 
Thus, you see, when the lime and carbonic acid are 
in proper proportions to form chalk, the white cloud 
appears, but when the acid predominates, the chalk 
is no sooner formed than it is dissolved. 

Caroline. That is now the case ; but let us try 
whether a further addition of lime-water will again 
precipitate the chalk. 

Emily. It does, indeed ! the cloud re-appears, be- 
cause, I suppose, there is now no more of the car- 
bonic acid than is necessary to form chalk ; and, in 
order to dissolve the chalk, a superabundance of 
acid is required. 

Mrs B. We have, I think, carried this experi- 
ment far enough ; every repetition would but exhi- 
bit the same appearances. 
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Lime combines with most of the acids, to which 
the carbonic (as being the weakest) readily yields it-, 
but these combinations we shall have an opportunity 
of noticing more particularly hereafter. It unites 
with phosphorus, and with sulphur, in "their simple 
state •, in short, of all the earths, lime is that which 
nature employs most frequently and most abundant- 
ly, in its innumerable combinations. It is the basis 
of all calcareous earths and stones ; we find it like» 
wise in the animal and the vegetable creations. 

Emily. And in the arts is not lime of very great 
utility ? 

Mrs. B. Scarcely any substance more so ; you 
know that it is a most essential requisite in build- 
ing, as it constitutes the basis of all cements, such 
as mortars, stucco, plaster, &c. 

Lime is also of infinite importance in agriculture ; 
it lightens and warms soils that are too cold, and 
compact, in consequence of too great a proportion of 
clay. But it would be endless to enumerate the va- 
rious purposes for which it is employed ; and you 
know enough of it to form some idea of its impor- 
tance .- we shall, therefore, now proceed to the third 
alkaline earth, Magnesia. 

Caroline, I am already pretty well acquainted with 
that earth, it is a medicine. 

Mrs. B. It is in the state of carbonat that mag- 
nesia is usually employed medicinally ; it then dif- 
fers but little in appearance, from its simple form, 
which is that of a very fine light white powder. It 
dissolves in 2000 times its weight of water, but 
forms with acids extremely soluble salts. It has not 
so great an attraction for acids as lime, and conse- 
quently yields them to the latter. It is found in a 
great variety of mineral combinations, such as slate, 
mica, amianthus, and more particularly in a certain 
lime-stone, which has lately been discovered by Mr. 
Tennant to contain it in very great quantities. . It 
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does not attract and solidify water, like lime; but, 
when mixed with water, and exposed to the atmos- 
phere, it slowly absorbs carbonic acid from the lat- 
ter, and thus loses its causticity. Its chief use in 
medicine is, like that of lime, derived from its rea- 
diness to combine with, and neutralize, the acid 
which it meets with in the stomach. 

Emily. Yet, you said that it was taken in the state 
of carbonat, in which case it is already combined 
with an acid ? 

Mrs. B. Yes ; but the carbonic is the last of all 
the acids in the order of affinities ; it will therefore 
yield the magnesia to any of the others. It is, how- 
ever, frequently taken in Ua caustic state as a reme- 
dy for flatulence. Comb-:ed with sulphuric acid, 
magnesia forms another and more powerful medi- 
cine, commonly called Epsom salt. 

Caroline. And properly, sulphat of magnesia, I sup- 
pose ; Pray why was it ever called Epsom salt ? 

Mrs. B. Because there is a spring in the neigh- 
bourhood of Epsom, which contains this salt in great 
abundance. 

The last alkaline earth which we have to men- 
tion is Strontian, or Strontites, discovered by 
Dr. Hope, a few years ago. It so strongly resem- 
bles barytes in its properties, and is so sparingly 
found in nature, and of so little use in the arts, that 
it will not be necessary to enter into any particulars 
respecting it. One of the most remarkable charac- 
teristic properties of strontites, is, that its salts, 
when dissolved in spirit of wine, tinge the flame of 
a deep red, or blood colour. 

We shall here conclude this lecture ; and at our 
next meeting, you will be introduced to a subject, 
totally different from any of the preceding. 
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CONVERSATION XII 
ON THE ATTRACTION OF COMPOSITION". 

Mrs. B. 

HAVING completed our examination of the sim- 
ple or elementary bodies, we are now to proceed to 
those of a compound nature ; but before we enter 
on this entensive subject, it will be necessary to 
make you acquainted with the principal laws by 
which chymical combinations are governed. 

You recollect, I hope, what we have formerly said 
of the nature of the attraction of composition, or 
chymkjd attraction, or affinity, as it is also called ? 

T 
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Emily. Yes, I think perfectly ; it is the attraction 
£hat subsists between bodies of a different nature, 
which occasions them to combine and form a com- 
pound, when they come in contact. 

Airs. B. Very well ; your definition comprehends 
the first law of chymical attraction, which is, that 
it takes place only between bodies of a different nature ; 
as, for instance, between an acid and an alkali •, be- 
tween oxygen and a metal, &c. 

Caroline. That we understand of course ; for the 
attraction between particles of a similar nature is 
that of aggregation, or cohesion, which is inde- 
pendent of any chymical power. 

Mrs. B. The second law of chymical attraction 
is, that it takes place only between the most minute par- 
ticles of bodies ,• therefore, the more you divide the 
particles of the bodies to be combined, the more 
readily they act upon each other. 

Caroline. That is again a circumstance which we 
might have supposed •, for the finer the particles of 
the two substances are, the more easily and perfect- 
ly they will come in contact with each other, which 
must greatly facilitate their union. It was for this 
purpose, you said, that you used iron filings in pre- 
ference to wires or pieces of iron, for the decompo- 
sition of water. 

Mrs. B. It was once supposed that no mecha- 
nical power could divide bodies into particles suf- 
ficiently minute for them to act upon each other ; 
and that, in order to produce the extreme division 
requisite for a chymical action, one, if not both of 
the bodies, should be in a fluid state. There are, 
however, a few instances, in which two solid bodies 
very finely pulverized, exert a chymical action on 
one another; but such exceptions to the general, 
rule are very rare indeed. 
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Emily. In all the combinations that we have hi- 
therto seen, one of the constituents has, I believe, 
been either liquid or aeriform. In combustions, for 
instance, the oxygen is taken from the atmosphere, 
in which it existed in the state of gas; and when- 
ever we have seen acids combine with metals or 
with alkalies, they were either in a liquid or an 
aeriform state. 

Mrs. B. The third law of chymical attraction 
is, that it can take place between tiuo, three, four or 
even a greater number of bodies. — Can you recollect 
any examples of these double, triple, and quadru- 
ple combinations ? 

Caroline. Oxyds and acids are bodies composed 
of two constituents ; compound salts of three : but 
I recollect no instance of the combination of four 
principles, unless it be amongst the earths in the 
formation of stones. 

Mrs. B. Such examples very frequently occur 
amongst the earths •, but you might have quoted, 
as instances of quadruple compounds, all those that 
result from the combinations of acids with ammo- 
nia, or volatile alkali. 

Caroline. True. As ammonia is itself a com- 
pound, its union with the acids, which are also 
composed of two principles, must form a quadruple 
combination. 

Mrs. B. You will soon become acquainted with 
a great variety of these complicated compounds. 
The fourth law of chymical attraction is, that a 
change of temperature alivays takes place at the moment 
of combination. This is occasioned by the change of 
capacity for heat, which takes place in bodies, 
when passing from a simple to a combined state. 
Do you recollect any instance of this, Emily ? 

Emily. Yes •, when lime, or any of the alkalies, 
or alkaline earths, combine with, and solidify wa- 
ter, the whole of its Jieat of liquidity is set at 
liberty. 
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Mrs. B. I had rather that you had chosen any 
other instance, as the union of water with the al- 
kalies and alkaline earths is not, stricTtly speaking, 
a chymical combination •, for the water remains in 
the state of water, though condensed and solidified 
in the alkali ; and can be separated from it and re- 
stored to its fluid state, merely by the restitution 
of its heat of liquidity. 

I am going to show you a very striking instance 
of the change of temperature arising from the com- 
bination of different bodies. — I shall pour some ni- 
trous acid on this small quantity of oil of turpen- 
tine — the oil will instantly combine with the oxy- 
gen of the acid, and produce a considerable change 
of temperature. 

Caroline. What a blaze ! The temperature of 
the oil and the acid must be elevated, indeed, to 
produce such a violent combustion. 

Mrs. B. There is, however, a peculiarity in this 
combustion, which is, that the oxygen, instead of 
being derived from the atmosphere alone, is prin- 
cipally supplied by the acid itself. 

Emily. And are not all combustions instances of 
the change of temperature produced by the chymi- 
cal combination of two bodies ? 

Airs. B. Undoubtedly; when oxygen loses its 
gaseous form in order to combine with a solid body, 
it becomes condensed, and the caloric evolved pro- 
duces the elevation of temperature. The specific 
gravity of bodies is at the same time altered by 
chymical combination; for in consequence of a 
change of capacity for heat, a change of density 
must be produced. 

Caroline. That was the case with the sulphuric 
acid and water, which by being mixed together, 
gave out a great deal of heat, and proportionally 
increased in density. 
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Mrs. B. I do not think the instance to which you 
refer is quite in point; for there does not appear 
to be what we have called a true chymical com- 
bination between sulphuric acid and water, since 
they are only mixed together, and undergo no other 
change than-a loss of caloric, so that they may be 
separated again from each other merely by evapo- 
rating the water. Yet you have truly observed in 
this instance that the particles of the two fluids so 
far penetrate each other, as to form a more com- 
pact substance, in consequence of which a quantity 
of latent heat is forced out, and there is an increase 
of specific gravity. 

The 5th law of chymical attraction is, that the. 
properties which characterise bodies ivhen separate t cvr% 
altered or destroyed by their combination. 

Caroline. Certainly; what, for instance, can be 
so different from watei as the hydrogen and oxygen 
gasses? 

Emily. Or what more unlike sulphat of iron, than 
iron or sulphuric acid? 

Caroline. But of all metamorphoses, that of sand 
and pot ash into glass; is the most striking! 

Airs. B. Every chymical combination is an illus- 
tration of this rule. But let us proceed — 

The 6th law is, that the force of chymical affinity y 
beiiveen the constituents of a body, is estimated by that 
'which is required for their separation. This force is 
by no means proportional to the facility with which 
bodies unite; for manganese, for instance, which, 
you know, has so great an attraction for oxygen,, 
that it is never found in a metallic state, yields it 
more easily than any other metal. 

Caroline. And likewise lime, which has a great 
attraction for carbonic acid, yields it to any of the 
other acids, and even to heat alone. 

Emily. But, Mrs. B. you speak of estimating the 
force of attraction between bodies, by the force re- 
X2 



quired to separate them-, how can you measure these 
forces ? 

Mrs. B. They cannot be precisely measured, but 
they are comparatively ascertained by experiment, 
and can be represented by numbers which express 
the relative degrees of attraction. 

The 7th law is, that bodies have amongst themselves 
different degrees oi attraction. Upon this law (which 
you may have discovered yourselves long since), the 
whole science of chymistry depends; for it is by 
means of the various degrees of affinity which bodies 
have for each other, that all the chymieal composi- 
tions and decompositions are effected. Thus if 
you pour sulphuric acid on soap, it will combine 
with the alkali to the exclusion of the oil, and form 
a sulphat of potash. Every chymieal fact or expe- 
riment is an instance of the same kind; and when- 
ever the decomposition of a body is performed by 
the addition of any single new substance, it is said 
to be effected by simple elective attractions. But it 
often happens that no simple substance will decom- 
pose a body, and, that, in order to effect this, you 
must offer to the compound a body which is itself 
composed of two, or sometimes three principles, 
which would not, each separately, perform the de- 
composition. In this case there are two new com- 
pounds formed in consequence of a reciprocal de- 
composition and recomposition. All instances of 
this kind are called double eleclive attractions. 

Caroline. I confess I do not understand this clearly. 

Mrs. B. You will easily comprehend it by the 
assistance of this diagram, in which the reciprocal 
forces of attraction are represented by numbers: 
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We here suppose that we are to decompose sul- 
phat of soda; that is, to separate the acid from the 
alkali: if, for this purpose we add some lime, in 
order to make it combine with the acid, we shall 
fail in our attempt, because the soda and the sul- 
phuric acid attract each other by a force which is 
(by way of supposition) represented by the number 
8; while the lime tends to unite with this acid by 
an affinity equal only to the number 6. It is plain, 
therefore, that the sulphat of soda will not be de- 
composed, since a force equal to 8 cannot be over- 
come by a force equal only to 6. 

Caroline. So far, this appears very clear. 
Mrs. B. If, on the other hand, we endeavour to 
decompose this salt by nitric acid, which tends to 
combine with soda, we shall be equally unsuccess- 
ful, as nitric acid tends to unite with the alkali by 
a force equal only to 7. 

In neither of these cases of simple elective attrac- 
tion, therefore, can we accomplish our purpose. 
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But let us previously combine together the lime and 
nitric acid, so as to form a nitrat of lime, a compound 
salt, the constituents of which are united by a pow- 
er equal to A\ If then we present this compound 
to the suiphat of soda, a decomposition will ensue, 
because the sum of the forces which tend to pre- 
serve the two salts in their actual state, is not equal 
to that of the forces which tend to decompose them, 
and to form new combinations. The nitric acid, 
therefore, will combine with" the soda, and the sul- 
phuric acid with the lime. 

Caroline. I understand you now very well. This 
double effect takes place because the numbers 8 and 
4, which represent the degrees of attraction of the 
constituents of the two original salts, make a sum 
less than the numbers 7 and 6, which represent the 
degrees of attraction of the two new compounds that 
will in consequence be formed. 

Mrs. B. Precisely so. 

Caroline. But what is the meaning of quiescent and 
divellent forces, which are written in the diagram ? 

Mrs. B. Quiescent forces are those which tend 
to preserve compounds in a state of rest, or such as 
they actually are : divellent forces are those which 
tend to destroy that state of combination, and to 
form new compounds. 

These are the principal circumstances relative to 
the doctrine of chymical attractions, which have 
been laid down as rules by modern chymists ; a few 
others might be mentioned respecting the same the- 
ory, but of less importance, and such as would take 
us too far from our plan. I should, however, not 
omit to mention that Mr. Berthollet, a celebrated 
French chymist, has shewn, that whenever in chy- 
mical operations there is a display of contrary at- 
tractions, the combinations which take place depend 
not only upon the affinities, but also, in some de- 
gree, on the proportions of the substances concerned. 



225 

CONVERSATION X1IE 
On Compound Bodies. 

Mrs. B. 

Having now given you some idea of the laws by 
which chymical attractions are governed, we may 
proceed to the examination of bodies that are form- 
ed in consequence of these attractions. 

The first class of compounds that present them- 
selves to our notice, in our gradual ascent to the 
most complicated combinations, are bodies com- 
posed of only two principles. The sulphurets, phos- 
phorets, carburets, Sec. are of this description- bitf* 
the most numerous and important of these com- 
pounds are the combinations of oxygen with the va- 
rious simple substances with which it has a tendency 
to unite. Of these you have already acquired some 
knowledge, and I hope you will not be at a loss to 
tell me the general names by which the combina- 
tions of oxygen with other substances are distin- 
guished ? 

Emily. I believe you told us that all the combi- 
nations of oxygen produced either oxyds or acids ? 

Mrs. B. Very right ; and with what simple bo- 
dies will oxygen combine, Caroline ? 

Caroline. With all the elementary substances, ex- 
cepting the earths and alkalies. 

Mrs. B. Very well, my dear; we may now, 
therefore, come to the oxyds and acids. Of the 
metallic oxyds, you have already some general no- 
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tions. This subject, though highly interesting in 
its details, is not of sufficient importance to our con- 
cise view of chymistry, to be particularly treated of; 
but it is absolutely necessary that you should be bet- 
ter acquainted with the acids, and likewise with 
their combinations with the alkalies, which form the 
triple compound called Neutral Salts. 

You have, I believe, a clear idea of the nomen- 
clature by which the base (or radical) of the acid, 
and the various degrees of acidification, are ex- 
pressed ? 

Emily. Yes, I think so ; the acid is distinguished 
by the name of its base, and its degree of acidity by 
the termination of that name in ous or ic -, thus sul- 
phmous acid is that formed by the smallest propor- 
tion of oxygen combined with sulphur ; sulphunV 
acid is that which results from the combination of 
sulphur with the greatest quantity of oxygen. 

Mrs. B. A still greater latitude may, in many 
ewes, be allowed to the proportions of oxygen than 
can be combined with acidifiable radicals •, for seve- 
ral of these radicals are susceptible of uniting with a 
quantity of oxygen so small as to be insufficient to 
give them the properties of acids - y in these cases 
therefore, they are converted into oxyds. Such is 
sulphur, which by exposure to the atmosphere with 
a degree of heat inadequate to produce inflamma- 
tion, absorbs a small proportion of oxygen, which 
colours it red or brown. This therefore is the first 
degree of oxygenation of sulphur •, the 2d converts 
it into sulphurs acid ; the 3d into the sulphur/V 
acid ; and, 4th}y, if it was found capable of com- 
bining with a still larger proportion of oxygen, it 
would then be termed super-oxygenated sulphuric 
acid. 

Emily. Are these various degrees of oxygenation 
common to all the acids ? 
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Mrs. B. No; they vary much in this respect; 
some are susceptible of only one degree of oxygena- 
tion; others, of two, or three; there are but very 
few that will admit of more, 

Caroline. The modern nomenclature must be of 
immense advantage in pointing out so easily the na- 
ture of the acids, and their various degrees of ox- 
ygenation. 

Mrs. B. Certainly. But great as are the advan- 
tages of the new nomenclature in this respect, it is 
not possible to apply it in its full extent to all the 
acids, because the radicals or bases of some of them 
are still unknown. 

Caroline. If you are acquainted with the acid, I 
cannot understand how its basis can remain un- 
known; _you have only to separate the oxygen from 
it by elective attractions, and the basis must remain 
alone ? 

Mrs. B. This is not always so easily accomplish- 
ed as you imagine; for there are some acids which 
no chymist has hitherto been able to decompose by 
any means whatever. It appears that the bases of 
these undecompounded acids have so strong an at- 
traction for oxygen, that they will yield it to no 
other substance; and in that case, you know, all 
the efforts of the chymists are vain. 

Efnily. But if these acids have never been decom- 
posed, should they not be classed with the simple 
bodies; for you have repeatedly told us that the 
simple bodies are rather such as chymists are una- 
ble to decompose, than such as are really supposed 
to consist of only one principle? 

Mrs. B. Analogy affords us so strong a proof of 
the compound nature of the undecompounded acids, 
that I never could reconcile myself to classing them 
with the simple bodies, though this division has 
been adopted by several chymical writers. It is 
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certainly the most strictly regular; but, as a syste- 
matical arrangement is of use only to assist the 
memory in retaining facts, we may, I think be al- 
lowed to deviate from it when there is danger of 
producing confusion by following it too closely: — 
and this, I believe, would be the case, if you were 
taught to consider the undecompounded acids as 
elementary bodies. 

Emily. I am imre you would not deviate from the 
methodical arrangement without good reason. But 
pray what are the names of these undecompound- 
ed acids ? 

Mrs. B. There are three of that description: 
The Muriatic acid. 
The Boracic acid. 
The Fluoric acid. 
Since these acids cannot derive their names from 
their radicals, they are called after the compound 
substances from which they are extracted. 

Caroline. We have heard of a great variety of 
acids ; pray how many are there in all ? 

Mrs. B. I believe there are reckoned at present 
thirtyfour, and their number is constantly increas- 
ing, as the science improves; but the most impor- 
tant, and those to which we shall almost entirely 
confine our attention, are but few. I shall, how- 
ever, give you a general view of the whole; and 
then we shall more particularly examine those that 
are the most essential. 

This class of bodies was formerly divided into mi- 
neral, vegetable, and animal acids, according to the 
substances from which they were extracted. 

Caroline. That I should think must have been an 
excellent arrangement; why was it altered ! 

Mrs. B Because in many cases it produced con- 
fusion. In which class, for instance, would you 
place carbonic acid ? 
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' Caroline. Now I see the difficulty. I should be 
at a loss where to place it, as you have told us that 
it exists in the animal, vegetable, and mineral king- 
doms. 

Emily. There would be the same objection with 

respect to phosphoric acid, which, though obtained 

■ chiefly from bones, can also, you said, be found in 

small quantities in stones, and likewise in some 

plants. 

Mrs. B. You see, therefore, the propriety of 
changing this mode of classification. These objec- 
tions do not exist in the present nomenclature; for 
the composition and nature of each individual acid 
is in some degree pointed out, instead of the class of 
bodies from which iris extracted; and, with regard 
to the more^general division of acids, they are classed 
under these four heads ; 

1st. Acids of known and simple bases, which are 
formed by the union of these bases with oxygen. 
They are the following: 

The Sulphuric 
Carbonic 
Nitric 

Phosphoric .Acids of known 

Arsenical and simple bases. 

Tungstenic 
Molybdenic 
2dly. Those of unknown bases: 
The Muriatic ~) 

Boracic > Acids of unknown bases. 

Fluoric j 

These two classes comprehend the most anciently 
known and most .important acids. The sulphuric, ni- 
tric, and muriatic, were formerly, and are still fre- 
quently, called mineral acids. 

3dly. Acids that have double or binary radicals and 
which consequently consist of triple combinations. 
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These are the vegetable acids whose common radical 
is a compound of hydrogen and carbone. 

Caroline. But if the basis of all the vegetable acids 
be the same, it should form but one acid-, it may in- 
deed combine with different proportions of oxygen, 
but the nature of the acid must be the same? 

Mrs. B. The only difference that exists in the ba- 
sis of vegetable acids, is the various proportions of 
hydrogen and carbone from which it is composed. 
But this is enough to produce a number of acids ap- 
parently very dissimilar. That they do not, how- 
ever, differ essentially, is proved by their suscepti- 
bility of being converted into each other, by the ad- 
dition or subtraction of a portion of hydrogen or of 
carbone. The names of these acids are. 

The Acetic 
Oxalic 
Tartarous 
Citric 
Malic 

Gallic \ 

Mucous 
Benzoic 
Succinic 
Camphoric 
Suberic 

The 4th class of acids consists of those which have 
triple radicals, and are therefore of a still more com- 
pound nature. This class comprehends the animal 
acids, which are: 



Acids of double bases, 
being of vegetable 
origin. 



The LaBic 
Prussic 
Formic 
Bombic 
Sebacic 
Zoonic 

Lithic 



{►Acids of triple bases, or 
animal acids. 
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> I have given this summary account or enumera- 
tion of the acids, as you may find it more satisfa&o- 
ry to have at once an outline, or general notion of the 
extent of the subject ; but we shall now confine our- 
selves to the two first classes, which require our more 
immediate attention; and defer the remarks which 
we shall have to make on the others, till we treat of 
the chymistry of the animal and vegetable kingdoms. 
The acids of simple and known radicals are all ca- 
pable of being decomposed by combustible bodies, to 
which they yield their oxygen. If, for instance, I 
pour a drop of sulphuric acid on this piece of iron, 
it will produce a spot of rust; you know what that is? 
Caroline. Yes, it is an oxyd, formed by the oxy- 
gen of the acid combining with the iron. 

Mrs. B. In this case you see the snlnhur deco- 
sites the oxygen by winch it was acidified on the 
metal. And again, if we pour some acid on a com- 
pound combustible substance, (we shall try it on this 
piece of wood), it will combine with one or more of 
the constituents of that substance, and occasion a de- 
composition. 

Emily. It has changed the colour of the wood to 
black. How is that? 

Mrs. B. The oxygen deposited by the acid has 
burnt it; you know that wood in burning becomes 
black before it is reduced to ashes. Whether it de- 
rives the oxygen which burns it from the atmosphere, 
or from any other source the chymical effect on the 
wood is the same. In the case of real combustion, 
wood becomes black because it is reduced to the state 
of charcoal by the evaporation of its other constitu- 
ents. But can you tell me the reason why wood turns 
black when burnt by the application of an acid? 

Caroline. First, tell me what are the ingredients 
of wood ? 

Mrs. B. Hydrogen and carbone are the chief con- 
stituents of wood, as of all other vegetable substan- 
ces. 
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Caroline. Well, then, I suppose that the oxygen 
of the acid combines with the hydrogen of the wood, 
to form water-, and that the carbone of the wood, re- 
maining alone, appears of its usual black colour. 

Mrs. B. Very well, indeed, my dear-, that is cer- 
tainly the most plausible explanation. 

E .ily. Would not this be a good method of ma- 
king charcoal ? 

Mrs- B. It would be an extremely expensive, and 
I believe, very imperfeft method? for the adtion of 
the acid on the wood, and the heat produced by it, 
are far from sufficient to deprive the wood of all its 
evaporable parts. 

Caroline. What is the reason that vinegar, lemon, 
an 1 ti;e acids of fruits, do not produce this effect on. 

WO Oil ? 

Mrs. B. They are vegetable acids whose bases are, 
composed of hydrogen and carbone; the oxygen, 
therefore, will not be disposed to quit this radical, 
where it is aleady united with hydrogen. The strong- 
est of these may, perhaps, yield a little of their oxy- 
gen to the wood, and produce a stain upon it; but 
the carbone will not be sufficiently uncovered to as- 
sume its black colour. Indeed, the several mineral 
acids themselves possess this power of charring wood 
in very different degrees. 

Emily. Cannot vegetable acids be decomposed by 
any combustibles? 

Mrs. B. No; because their radical is composed of 
two substances which have a greater attraction for ox- 
ygen than any known body. 

Caroline. And are those strong acids which burn 
and decompose wood, capable of producing similar 
effects on the skin and flesh of animals ? 

Mrs- B. Yes; all the mineral acids, and one of 
them more especially, possess powerful caustic qua- 
lities. They actually corroiieand destroy the skin 
and flesh; but they do not produce upon these ex- 
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actly the same alteration as they do on wood, proba- 
bly because there is a great proportion of riitrogert 
and other subscances in animal matter, which pre- 
vents the separation of carbone from being so con- 
spicuous. 



CONVERSATION XIV. 

Of the Sulphuric and Phosphoric Acids : or the combina- 
tions of Oxygen ivith Sulphur and Phosphorus ,• and 
of the Sulpkats and Phosphats. 



Mrs. B. 

In addition to the general survey which we have 
taken of acids, I think you will find it interesting to 
examine individually a few of the most important of 
them, and likewise some of their principal combinati- 
ons with the alkalies, alkaline earths, and metals. 
The first of the acids, in point of importance, is the 
sulphuric, formerly called oil of vitriol. 

Caroline. I have known it a long time by that 
name, but had no idea that it was the same fluid as 
sulphuric acid. What resemblance or conneaion 
can there be between oil of vitriol and this acid? 

Mrs. B. Vitriol is the common name for sulphat 
of iron, a salt which is formed by the combination of 
sulphuric acid and iron; the sulphuric acid was for- 
merly obtained by distillation from this salt, and it 
very naturally received its name from the substance 
which afforded it. 
Cardine. But it is still usually called oil of vitrioJ ? 
U2 
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Mrs. B. Yes; a sufficient length of time has not 
yet elapsed, since the invention of the new nomen- 
clature, for it to be generally disseminated; but as it 
Is adopted by all scientific chymists, there is every 
reason to suppose that it will gradually become uni- 
versal. When I received this bottle from the chy- 
mist's, the name written on the label was oil of vitriol; 
but, as I knew you were very punctilious in regard to 
the nomenclature, I changed it, and substituted the 
modern name. 

Emily. This acid has neither colour nor smell, but 
it appears much thicker than water. 

Mrs. B. It is twice as heavy as water, and has, 
you see, an oily consistence. 

Caroline. And it is probably from this circumstance 
that it has been called an oil, for it can have no real 
claim to that name, as it does not contain either 
hydrogen or carbone, which are the essential consti- 
tuents of oil. 

Mrs. B. Certainly ; and therefore it would be the 
more absurd to retain a name which owed its origin 
to such mistaken analogy. 

Sulphuric acid, in its purest state, would be a con- 
crete substance, but its attraction for water is such, 
that it is impossible to preserve it in that state ; it is, 
therefore, always seen in a liquid fount, such as you 
here find it. One of the most striking properties of 
sulphuric acid is that of evolving a considerable quan- 
tity of heat when mixed with water ; this I have al- 
ready shewn you. 

Emily. Yes, I recollect it ; but what was the de- 
cree of heat produced by that mixture ? 

Mrs B. The thermometer may be raised by it to 
000, which is considerably above the degree of boil- 
ing water. 

Caroline. Then water might be made to boil in 
that mixture ? 
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Mrs. B. Nothing m.ore easy, provided that you 
employ sufficient quantities of acid and of water, and 
in the due proportions. The greatest heat is pro- 
duced by a mixture of one part of water to four of 
the aeid : we shall make a mixture of these propor- 
tions, and immerse this thin glass tube, which is full 
of water, into it. 

Caroline. The vessel feels extremely hot, but the 
water does not boil yet. 

Mrs. B. You must allow some time for the heat 
to penetrate the tube, and raise the temperature of 
the water to the boiling point — 

Caroline. Now it boils — and with increasing vio- 
lence. 

Mrs. B. But it will not continue boiling long ; 
for the mixture gives out heat only while the parti- 
cles of the water and the acid are mutually pene- 
trating each other : as soon as the new arrangement 
of those particles is effected, the mixture will gradu- 
ally cool, and the water return to its former tempe- 
rature. 

You have seen tho manner in which sulphuric 
acid decomposes all combustible substances, whether 
animal, vegetable, or mineral, and burns them by 
means of its oxygen ? 

Caroline. I have very unintentionally repeated the 
experiment on my gown, by letting a drop of the acid 
fall upon it, and it has made a stain, which, I sup- 
pose, will never wash out. 

Mrs. B. No, certainly ; for, before you can put 
it into water, the spot will become a hole, as the 
acid has literally burnt the muslin. 

Caroline. So it has ind^ed ! Well, I will fasten the 
stopper and put the bottle away, for it is a dangerous 
substance. — Oh, now I have done worse still, for T 
have spilt some on my hand ! 

Mrs. B. It is then burned, as well as your gown, 
for you know that oxygen destroys animal as well as 
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vegetable matter ; and, as far as the decomposition 
of the skin of your finger is effected, there is no 
remedy ; but, by washing it immediately in water, 
you will dilute the acid, and prevent any farther in- 
jury. 

Caroline. It feels extremely hot, I assure you. 

Airs. B. You have now learned, by experience, 
how cautiously this acid must be used. You will 
soon become acquainted with another acid, the ni- 
tric, which though it produces less heat on the skin, 
destroys it still quicker, and makes upon it an inde- 
lible stain. You should never handle any substances 
of this kind, without previously dipping your fingers 
in water, which will weaken their caustic effects. — 
But since you will not repeat the experiment, I 
must put in the stopper, for the acid attracts the 
moisture from the atmosphere, which would destroy 
its strength and purity. 

Emily. Pray how can sulphuric acid be extracted 
from sulphat of iron by distillation ? 

Mrs. B. The process of distillation, you know, 
consists in separating substances from one another by 
means of their different degrees of volatility, and by 
the introduction of a new chymical agent, caloric. 
Thus, if sulphat of iron be exposed in a retort to a 
proper degree of heat, it will be decomposed, and 
the sulphuric acid will be volatilized 

Emily. But now that the process of forming acids 
bv tiie combustion of their radicals is known, why 
should not this method be used for making sulphu- 
ric acid ? 

Mrs. B. This is actually done in most manufac- 
tures ; but the usual method of preparing sulphuric 
acid does not consist in burning the sulphur in oxy- 
gen gas, (as we formerly did by way of experiment), 
but in beating it together with another substance, 
nitre, which yields oxygen in sufficient abundance to 
render the combustion in common air rapid and 
complete. 
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Caroline. This substance, then, answers the same 
purpose as oxygen gas ? 

Mrs. B. Exactly. In manufactures the combustion 
is performed in a leaden chamber, with water at the 
bottom, to receive the vapour, and assist its conden- 
sation. The combustion is, however, never so per- 
fect:, but that a quantity of sulphurous acid is formed 
at the same time ; for you recollect that the sulphu- 
rous icid differs from the sulphuric only by containing 
less oxygen. 

From its own powerful properties, and from the 
various combinations into winch it erters, sulphuric 
acid is ot great importance in many of the arts. 

It is us^d also in medicine in a state of great dilu- 
tion ; for were it taken internally, in a concentrated 
state, it would prove a most dangerous poison. 

Caroline. I am sure it would burn the throat and 
stomach. 

Mrs. B. Can you think of any thing that would 
prove an antidote to this poison ? 

Caroline. A large draught of water to dilute it. 

Jylrs. B. That would certainly weaken the power 

of the acid, but it would increase the heat to an in- 
tolerable degree. Do you recollect nothing that 
would destroy its deleterious properties more effect- 
ually ? 

Emily. An alkali might, by combining with it ; 
but, then, a pure alkali is itself a poison, on account 
of its causticity. 

Mrs. B. • There is no necessity that the alkali 
should be caustic. Soap, in which it is combined 
with oil : or magnesia, either in the state of carbo- 
nat, or mixed with water, would prove the best an- 
tidotes. 

Emily. In those cases, then, I suppose, the potash 
and the magnesia would quit their combinations to 
form salts with the sulphuric acid ? 
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Mrs. B. Precisely. 

We may now make a few observations on the 
sulphurs j acid, which we have found to be the 
product of sulphur slowly and imperfectly burnt. — 
This acid is distinguished by its pungent smell, and 
its gaseous form.- 

Carolwe. Its aeriform state is, I suppose, owing to 
the smaller proportion of oxygen, which renders it 
lighter than sulphunV acid ! 

Mrs. B. Probably, for by adding oxvgen to the 
weaker acid, it may be converted into the stronger 
kind. But this change of state may also be connect- 
ed with a change of affinity with regard to caloric. 

Emily. And may sulphurous acid be obtained from 
sulphuric acid by a diminution of oxygen ? 

Mrs. B. Yes ; it can be done by bringing any 
combustible substance in contact with the acid. This 
decomposition is most easily performed by some of 
the metals ; these absorb a portion of the oxygen 
from the sulphuric acid, which is thus converted in- 
to the sulphurous, and flies off in its gaseous form. 

Carolina. And ramiot the sulphurous acid itself be 

decomposed and reduced to sulphur ? 

Mrs. B. Yes ; if this gas be heated in contact 
with charcoal, the oxygen of the acid will combine 
with it, and the pure sulphur be regenerated. 

Sulphurous acid is readily absorbed by water ; and 
in this liquid state it is found particularly useful in 
bleaching linen and woollen cloths, and is much used 
in manufactures for those purposes. I can shew you 
its effect in destroying colours, by taking out any 
iron mould, or vegetable stain — I think I see a spot 
on your gown, Emily, on which we may try the ex- 
periment. 

Emily. It is the stain of mulberries ; but I shall be 
almost afraid of exposing my gown to the experi- 
ment, after seeing the effect which the sulphuric 
acid produced on that of Caroline — 
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Mrs. B. There is no such danger from the sul- 
phurous •, but the experiment must be made with 
great caution ; for, during the formation of sulphu- 
rous acid by combustion, there is always some sul- 
phuric produced. 

Caroline. But where is your sulphurous acid ? 
Mrs. B. We may easily prepare some ourselves, 
simply by burning a match \ we must first wet the 
stain with a little water, and now hold it in this way, 
at a little distance, over the lighted match : the va- 
pour that arises from it is sulphurous acid, and the 
stain, you see, gradually disappears. 

Emily. I have frequently taken out stains by this 
means, without understanding the nature of the pro- 
cess. But why is it necessary to wet the stain before 
it is exposed to the acid fumes ? 

Mrs. B. The moisture attracts and absorbs the 
sulphurous acid ; and it serves likewise to dilute any 
particles of sulphuric acid which might injure the 
linen. 

Sulphur is susceptible of a third combination with 
oxygen, in which the proportion of the latter is too 
small to render the sulphur acid. It acquires this 
slight oxygenation by mere exposure to the atmos- 
phere, without any elevation of temperature : in this 
case, the sulphur does not change its natural form, 
but is only discoloured, being changed to red or 
brown ; and in this state it is an oxyd of sulphur. 

Before we take leave of the sulphuric acid, we 
shall say a few words of its principal combinations. 
It unites with all the alkalies, alkaline earths, and 
metals, to form compound salts. 

Caroline. Pray, give me leave to interrupt you for 
a moment : you have never mentioned any other 
salts than the compound or neutral salts ; is there no 
other kind ? 

Mrs. B. The term salt has been used, from time 
immemorial, as a kind of general name, for any sub- 
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stance that has savour, odour, is soluble in water, 
and crystallizable, whether it be of" an acid, an alka- 
line, or compound nature ; but the compound salts 
alone retain that appellation in modern chymistry. 

The most important of the salts, formed by the 
combinations of the sulphuric acid, are, first, sulphat 
of potash, formerly called sal poly chr est ; this is a very 
bitter salt, much used in medicine ; it is found in the 
ashes of most vegetables, but it may be prepared ar- 
tificially by the immediate combination of sulphuric 
acid and potash. This salt is easily soluble in boiling 
water. Solubility is, indeed, a property, common 
to all salts ; and they always produce cold in melting. 

Emily. That must be owing to the caloric which 
they absorb in passing from a solid to a fluid form. 

Mrs. B. That is, certainly, the most probable ex- 
planation. 

Sulphat of soda, commonly called Glauber's salt, is 
another medicinal salt, which is still more bitter than 
the preceding. We must prepare some of these com- 
pounds, that you may observe the phenomena which 
take place during their formation. We need only 
pour some sulphuric acid over the soda which I put 
into this glass. 

Caroline. What an amazing heat is disengaged. I 
thought you said that cold was produced by the melt- 
ing of salts ! 

Mrs. B. But you must observe that we are now 
making not melting* salt. Heat is disengaged during 
the formation of compound salts, because the acid 
goes into a more dense state in the salt than that 
in which it existed before. A faint light is also 
emitted, which may sometimes be perceived in the 
dark. 

Emily. If the oxygen, in combining with the alka- 
li, disengages light and heat, an 'actual combustion 
takes place. 
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Mrs. B. Not so fast, my dear ; recollect that the 
alkalies are incombustible substances, and incapable 
of combining with oxygen singly. They are not 
acted on by this principle, unless it presents itself in 
a state of union with another body ; and, therefore, 
the combination of an acid with an alkali cannot be 
called combustion. 

Caroline. Will this sulphat of soda become solid ? 

Mrs^B. We have not, I suppose, mixed the acid 
and the alkali in the exact proportions that are re- 
quired for the formation of the salt, otherwise the mix- 
ture would have been almost immediately changed to 
a solid mass ; but, in order to obtain it in crystals, as 
you see it in this bottle, it would be necessary first to 
dilute it with water, and afterwards evaporate the 
water, during which operation the salt would gradu- 
ally crystallize. 

Caroline. But of what use is the addition of water, 
if it is afterwards to be evaporated ? 

Mrs. B. When suspended in water, the acid and 
the alkali are more at liberty to act on each other, 
their union is more complete, and the salt assumes 
the regular form of crystals during the slow evapo- 
ration of its solvent. 

Sulphat of soda liquefies by heat, and effloresces in 
the air. 

Emily. Pray what is the meaning of the word efflo- 
resces ? I do not recollect your having mentioned it 
before. 

Mrs. B. A salt is said to effloresce wh~n it loses 
its water of crystallization on being exposed to the 
atmosphere, and is thus gradually converted into a 
dry powder : you may observe that these crystals of 
sulphat of soda are far from possessing the transpa- 
rency which belongs to their crystallineNtate ; they 
are covered with a white powder, occasioned by their 
having been exposed to the atmosphere, which has 
deprived their surface of its lustre, by absorbing its 
water of crystallization. Salts are, in general, either 
x 
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efflorescent, or deliquescent ; this tatter property is pre- 
cisely the reverse of the former ; that is to say, deli- 
quescent salts absorb water from the atmosphere, and 
are moistened and gradually melted by it. Muriat of 
lime is an instance of great deliquescence. 

Emily. But are there no salts that have the same 
degree of attraction for water as the atmosphere, and 
that will consequently not be affected by it ? 

Mrs. B. Yes ; there are many such salts ; as, for 
instance, common salt, sulphat of magnesia, and a 
variety of others. 

Sulphat of lime is very frequently met with in nature, 
and constitutes the well known substance called gyp- 
sum, or plaster of Paris. 

Sulphat of magnesia, commonly called Epsom salt, is 
another very bitter medicine, which is obtained from 
sea-water and from several springs, or may be prepa- 
red by the direct combination of its ingredients. 

We have formerly mentioned sulphat of alumine as 
constituting the common alum ; it is found in nature 
chiefly in the neighbourhood of volcanos, and is par- 
ticularly useful in the arts, from its strong astringent 
qualities. It is chiefly employed by dyers and calico- 
printers to fix colours ; and is used also in the ma- 
nufacture of leather. 

Sulphuric acid combines also with the metals. 

Caroline. One of these combinations, sulphat of i- 
rsn, we are already well acquainted with. 

Mrs. B. That is the most important metallic salt 
formed .by sulphuric acid, and the only one that we 
shall here notice. It is of great use in the arts ; and 
in medicine, it affords a very valuable tonic : it is of 
this salt that most of those preparations called steel 
medicines are composed. 

Caroline. But does any carbone enter into these 
compositions to form steel. 

Mrs B. Not an atom ; they are, therefore, very 
improperly called steel ; but it .is the vulgar appella- 
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tion, and medical men themselves often comply with 
the general custom. 

Sulphat of iron may be prepared, as you have seen, 
by dissolving iron in sulphuric acid ; but it is gene- 
rally obtained from the natural production called Py-> 
rites, which, being a sulphuret of iron, requires on- 
ly exposure to the atmosphere to be oxydated, in or- 
der to form the salt ; this, therefore, is much the 
most easy way of procuring it on a large scaie. 

Emilys I am surprised to find that both acids and 
compound salts are generally obtained from their va- 
rious combinations, rather than from the immediate 
union of their ingredients. 

Mrs. B. Were the simple bodies always at hand, 
their combination would naturally be the most con- 
venient method of forming compounds ; but you 
must consider that, in most instances, there is great 
difficulty and expense in obtaining the simple ingre- 
dients from their combinations; it is, therefore, often 
more expedient to procure compounds from the de- 
composition of other compounds. But to return to 
the sulphat of iron. — There is a certain vegetable acid 
called Gallic acid, which has the remarkable proper- 
ty of precipitating this salt black. — I shall pour a 
few drops of the gallic acid into this solution of sul- 
phat of iron — 

Caroline. It is become as black as ink ! 

Mrs. B. And it is ink in n>a!i-y. Common wri- 
ting ink is a precipitate of sulphat of iron by gallic 
acid; the black colour is owing to the formation of 
gallat of iron, which being insoluble, remains sus- 
pended in the fluid. 

This acid has also the property of altering the co- 
lour of iron in its metallic state. You may fre- 
quently see its effects on the blade of a knife that has 
been used to cut certain kinds of fruits. 

Caroline. True ; and that is perhaps the reason 
that a silver knife is preferred to cut fruits ; the gal- 
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lie acid, I suppose, does not act upon silver. — Is this 
acid found in all fruits ? 

Mrs. B It is contained, more or less, in the rind of 
most fruits and roots, especially the radish, which, if 
scraped with a steel or iron knile, has its bright red 
colour changed to a deep purple, the knife being at 
the same time blackened. But the vegetable sub- 
stance in which the gallic acid most abounds is nui- 
gail, a kind of excrescence that grows on oaks, and 
from which the acid is commonly obtained for its 
various purposes* 



Mrs. B. We now come to the phosphoric and 
phosphorous acids. In treating of phosphorus, you 
have seen how these acids may be obtained from it. 
by combustion ? 

Emily. Yes ; but I should be much surprised if it 
was the usual method of obtaining them, since it is 
so very difficult to procure phosphorus in its pure 
state. 

Mrs. B. You are right, my dear ; the phosphoric 
acid, for general purposes, is extracted from bones, 
in which it is contained in the state of phosphat of 
lime ; from this salt the phosphoric acid is separated 
by means of the sulphuric, which combines with the 
lime. In its pure state, phosphoric acid is either 
liquid or solid, according to its degree of concentra- 
tion. 

Amongst the salts formed by this acid, phosphat of 
Vime is the only one that affords much interest ; and 
this, we have already observed, constitutes the basis 
of all bones. It is also found in very small quan- 
tities in some vegetables. 
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CONVERSATION XV. 



Of the nitric and carbonic acids ; or the combinations cf 
oxygen with nitrogen and carbone ,• and of the nitrats 
and carbonats. 



Mrs. B. 

I am almost afraid of introducing the subject of the 
nitric acid, as I am sure that I shall be blamed by 
Caroline, for not having made her acquainted with it 
before. 

Caroline. Why so, Mrs. B— ? 

Mrs. B. Because you have long known its radical, 
which is nitrogen or azote ; and, in treating of that 
element, I did not even hint that it was the basis of 
an acid. 

Caroline. Indeed, that appears to me a great omis- 
sion ; for you have made us acquainted with all the 
other acids, in treating of their radicals. 

Emily I would advise you not to be too hasty in 
your censure, Caroline ., for I dare say that Mrs. B. 
had some very good reason for not mentioning this 
acid sooner. 

Airs. B. I do not know whether you will think 
the reason sufficiently good to acquit me ; but the 
omission, I assure you, did not proceed from negli- 
gence. You may recollect that nitrogen was one of 
the first simple bodies which we examined ; you : 
were then ignorant of the theory of combustion, 
which I believe was, for the first time, mentioned in 
that, lesson j and therefore it would have been in; 
x 2 
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vain, at that time, to have attempted to explain the 
nature and formation of acids. 

Caroline. 1 wonder, however, that it never occur- 
red to us to inquire whether nitrogen could be aci- 
dified \ for, as we knew it was classed amongst the 
combustible bopies, it was natural to suppose that it 
might produce an acid. 

Airs. B. That is not a necessary consequence ; for 
it might combine with oxygen only in the degree re- 
quisite to form an oxyd. But you will find that ni- 
trogen is susceptible of various degrees of oxygena- 
tion, some of which convert it merely into an oxyd, 
and others give it all the acid properties. 

The acids, resulting from the combination of oxy- 
gen with nitrogen, are called the nitrous and ni- 
tric acids. We will begin with the nitric, in 
which nitrogen is in the highest state of oxygena- 
tion. This acid naturally exists in the form of gas; 
but it is so extremely soluble in water, and has so 
great an affinity for it, that one grain of water will 
absorb and condense ten grains of acid gas, and form 
the limpid fluid which you see in this bottle. 

Caroline. What a strong offensive smell it has ! 

Mrs. B. This acid contains a greater abundance of 
oxygen than any other, but it retains it with very 
little force. 

Emily. Then it must be a powerful caustic, both 
from the facility with which it parts with its oxygen, 
and the quantity which it affords ? 

Mrs. B Very well, Emily •, both cause and effect 
are exactly such as you describe : nitric acid burns 
and destroys all kinds of organized matter. It even 
sets fire to Vme of the most combustible substances. 
We shall pour a little of it over this piece of dry 
■warm charcoal — you see it inflames it immediately ; 
it would do the same with oil of turpentine, phos- 
phorus., and several other very combustible bodies. 
This shews you how easily this acid is decomposed by 
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combustible bodies, since these effects must depend 
upon the absorption of its oxygen. 

Nitric acid has been used in the arts from time im- 
memorial, but it is not more than twenty five years 
that its chymical nature has been ascertained. The 
celebrated Mr. Cavendish discovered that it consisted 
of about 10 parts of nitrogen, and 25of oxygen.* These 
principles, in their gaseous state, combine at a high 
temperature ; and this may be effected by repeatedly 
passing the electrical spark through a mixture of the 
two gasses. 

Emily. The nitrogen and oxygen gasses, that com- 
pose the atmosphere, do not combine, I suppose, be- 
cause their temperature is not sufficiently elevated ? 

Caroline. But in a thunder storm, when the light- 
ning repeatedly passes through them, may it not 
produce nitric acid ; we should be in a strange situ- 
ation if a violent storm should at once convert the 
atmosphere into nitric acid. 

Mrs. B. There is no danger of it my dear ; the 
lightning can affect but a very small portion of the at- 
mosphere, and though it were occasionally to produce 
a little nitric acid, yet this never couid happen to such 
an extent as to be perceivable. 

Emily. But how could the nitric acid be known, 
and used, before the method of combining its con- 
stituents was discovered ? 

Airs. B. Before that period the nitric acid was 
obtai.ied, and it is indeed still extracted for the com- 
mon purposes of art, from the compound salt which 
it forms with potash, commonly called nitre. 

Caroline. Why is it called so ? Pray, Mrs B let 
these old unmeaning names be entirely given up, by 
us at least ; and let us cad this salt nitrat of potash. 

Mrs B. With all my heart ; but it is necessary 
that 1 should, at least, mention the old names, and 

* The proportions stated by Mr. Davy, in his Chymical Research- 
es, are js i to 2. 389. 
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more especially those that are yet in common use j 
otherwise, when you meet with them, you would not 
be able to understand their meaning. 

Emily. And how is the acid obtained from this 
salt ? 

Mrs. B. By the intervention of sulphuric acid, 
which combines with the potash, and sets the nitric 
acid at liberty, This 1 can easily shew you, by mix- 
ing some nitrat of potash and sulphuric acid in this 
retort, and heating it over a lamp ; the nitric acid 
will come over in the form of vapour, which we shall 
collect in a glass bell. This acid diluted in water is 
commonly called aquafortis, if Caroline will allow me 
to mention that name. 

Caroline. I have often heard that aqua fortis will 
dissolve almost all metals ; it is no doubt because it 
yields its oxygen so easily. 

Mrs. B. Yes; and from this powerful solvent 
property, it derived the name of aqua fortis, or strong 
water. Do you not recollect that we oxydated, and 
afterwards dissolved some copper in this acid ? 

Emily. If I remember right, the nitrat of copper 
was the first instance you gave us of a compound 
salt. 

Caroline. Can the nitric acid be completely decom- 
posed and converted into nitrogen and oxygen. 

Emily. That cannot be the case, Caroline, since 
the acid can be decomposed only by the combination 
of its constituents with other bodies. 

Airs. B. 1 rue i but caloric is sufficient for this 
purpose. By making the acid pass through a red 
hot porcehia tube, it is decomposed; the nitrogen 
and oxygen regain the caloric which they had lost in 
combining, and are thus both restored to their gase- 
ous st:?te 

The nitric acid may also be partly decomposed, 
and is by this means converted into nitrous acid. 
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Caroline. This conversion must be easily effected, 
as the oxygen is so slightly combined with the ni- 
trogen. 

Mrs. B. The partial decomposition of nitric acid 
is readily effected by most metals ; but it is sufficient 
to expose the nitric acid to a very strong light to 
make it give out oxygen gas, and be thus converted 
into nitrous acid. Of this acid there are various de- 
grees, according to the proportions of oxygen which 
it contains ; the strongest and that into which the 
nitric acid is first converted, is of a yellow colour, 
as you see it in this boitle. 

Caroline. Hjw it fumes when the stopper is 
taken out. 

Mrs. B. The acid exists naturally in a gaseous 
state, and is here so strongly concentrated in water 
that it is constantly escaping. 

Here is another bottle of nitrous acid, which, you 
see is of an orange red colour ; this acid is weaker, 
the nitrogen being combined with a smaller quantity 
of oxygen ; and with a still less proportion of oxygen 
it is an olive green colour, as it appears in this 
third bottle. In short, the weaker the acid, the 
deeper is its colour. 

Nitrous pcid acts still more powerfully on some 
inflammable substances than the nitric. 

Emily. I am surprised at that, as it contains less 
oxygen. 

Mrs B. But, on the other hand, it parts with its 
oxygen much more readily : you may recollect that 
we once inflamed oil with this acid. 

The next combinations of nitrogen and oxygen 
form only oxyds of nitrogen, the first of which is 
commonly called nitrous air : or more properly nitric 
gas. This may be obtained from nitric acid, 
by exposing the latter to the action of met.ils, as in 
dissolving them it does not yield the whole of its ox- 
ygen, but retains a portion of this principle sufficient 
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to convert it into this peculiar gas, a specimen of 
which I have prepared, and preserved within this 
inverted glass bell. 

Emily, It is a perfectly invisible elastic fluid. 

Airs. B. Ye? ; an .! it may be kept any length of 
time in this.manner ever water, as it is not, like the 
nitric and nitrous acids, absorbable by it. It is ra- 
ther heavier than atmospherical air, and is incapable of 
supporting either combustion cr respiration. I am 
going to inclin- the glass gently on one side, so as to 
let some of the gas escape — 

Emily. How very curious! — It produces orange 
fumes like the nitrous acid ! that is the more extraor- 
dinary, as the gas within the glass is perfectly invisible. 

Mrs. B It would give me much pleasure if you 
could make out the reason of this curious change 
without requiring any further explanation. 

Caroline. It seems, by the colour and smell, as if 
it were converted into nitrous acid gas : yet that can- 
not be, unless it combines with more oxygen; and 
how can it obtain oxygen the very minute it escapes 
from the glass ? 

EmV.y Krom the atmosphere, no doubt. Is it 
not so, Mrs. 13. ? 

Mrs. B. You have guessed it •, as soon as it comes 
in contact with the atmosphere it absorbs from it the 
additional quantity of oxygen necessary to convert it 
into nitrous acid gas — And, if I now remove the 
bottle entirely from the water, so as to bring at once 
the whole of the gas into contact with the atmos- 
phere, this conversion will appear still more striking. 

Emily. Look, Caroline, the whole capacity of the 
bottle is instantly tinged of an orange colour ! 

Mrs. B. Thus you see it is the most easy process 
imaginable to convert nitrous oxyd gas into nitrous 
acid gas- The property of attracting oxygen from 
the atmosphere* without any elevation of tempera- 
ture, has occasioned this gaseous oxyd being used as 
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a test for ascertaining the degree of purity of the at- 
mosphere. I am going to show you how it is applied 
to this purpose — You see this gradua-ed glass tube, 

which is closed at one end ; [Plate ViII Fig. 19.) 

I first fill it with water, and then introduce a certain 
measure of nitrous gas, which, not being absorbable 
by Water, passes through it, and occupies the upper 
part of the tube. I must now add rather above two 
thirds of oxygen gas, which will just be sufficient to 
convert the nitric oxyd gas, into nitrous acid gas. 

Caroline. So it has !— I saw it turn of an orange 
colour; but it immediately afterwards disappeared 
entirely, and the water, you see, has risen, and al- 
most filled the tube. 

Airs. B. That is because the acid gas is absorb 
able by water, and in proportion as the gas impreg- 
nates the water, the latter rises in the tube. When 
the oxygen gas is very pure, and the required pro- 
portion of nitric oxyd gas very exact, the whole 
is absorbed by the water •, but if any other gas be 
mixed with the oxygen, instead of combining with 
the nitric oxyd, it will remain and occupy the upper 
part of the tube ; or, if the gasses be not in the due 
proportion, there will be a residue of that which 
predominates.— Before we leave this subject, 1 must 
not forget to remark, that nitric acid may be formed 
by dissolving nitric oxyd gas in nitric acid. This so- 
lution may be effected simply by making bubbles of 
nitric oxyd gas pass through nitric acid. 

Emily. That is to say, that nitrogen, at its highest 
degree of oxygenation, being mixed with nitrogen at 
its lowest degree of oxygenation, will produce a kind 
of intermediate substance, which is nitric acid. 

Mrs. B. You have stated the fact with great pre- 
cision. — There are various other methods of prepa- 
ring nitrous oxyd, and of obtaining it from com- 
pound bodies; but it is not necessary to enter into 
these particulars. It remains for me only to men- 
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tion another curious modification of oxygenated 
nitrogen, which has been distinguished by the name 
of gaseous oxyd of nitrogen. It is but lately that this 
gas has been accurately examined, and its properties 
have been chiefly investigated by Mr. Davy. It has 
obtained also the name oi exkilirating gas, from the 
very singular property which that gentleman has 
discovered in it, of elevating the animal spirits, when 
inhaled into the lungs, to a degree sometimes resem- 
bling delirium or intoxication. 

Caroline. It is respirable, then ? 

Mrs. B It can scarcely be called respirable, as it 
would not support life for any length of time ; but it 
may be breathed for a few moments without any 
other effects, than the singular exhiliration of spirits 
I have just mentioned. It affects different people, 
however, in a very different manner. Some become 
violent, even outrageous : others experience a lan- 
guor, attended with fairitness ; but most agree in 
opinion, that the sensations it excites are extremely 
pleasant. 

Caroline. I think I should like to try it — how do 
you breathe it ? 

Mrs. B. By collecting the gas in a bladder, to 
which a short tube with a stop cock is adapted ; this 
is applied to the mouth with one hand, whilst the 
nostrils are kept closed with the other, that the com- 
mon air may have no access. You then alternately 
inspire, and expire the gas, till you perceive its ef- 
fects. But I cannot consent to your making the ex- 
periment ; for the nerves are sometimes unpleasantly 
affVcted by it, and I would not run any risk of that 
kind. 

Emily. I should like, at least, to see somebr dy 
breathe it ; but pray by what means is this curious 
gas obtained ? 

Mrs. B It is procured from niirat of aimnonia^ an 
artificial salt, which yields this gas on the application 
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of a gentle heat — I have put some of the salt into a 
retort, and by the aid of a lamp the gas will be extri- 
cated — 

Caroline. Bubbles of air begin to escape through 
the neck of the retort into the water apparatus ; will 
you not collect them ? 

Mrs. B. The gas that first comes over is never 
preserved, as it consists of little more than the com- 
mon air which was in the retort ; besides, there is 
always in this experiment a quantity of watery va- 
pour which must come away before the nitrous ox- 
yd appears. 

Emily. Watery vapour ! Whence does that pro- 
ceed ? there is no water in nitrat of ammonia ! 

Mrs. B. You must recollect that there is in every 
salt a quantity of water of crystallization, which may 
be evaporated by heat alone. But, besides this, wa- 
ter is actually generated in this experiment, as you 
will see presently. But first tell me, what are the 
constituent parts of nitrat of ammonia ? 

Emily. Ammonia, and nitric acid : this salt, there- 
fore, contains three different elements, nitrogen and 
hydrogen, which produce the ammonia ; and oxygen, 
which, with nitrogen, forms the acid. 

Mrs. B. Well, then, in this process the ammonia 
is decomposed ; the hydrogen quits the nitrogen to 
combine with some of the oxygen of the nitric acid, 
and forms with it the watery vapour which is now co- 
ming over. When that is effected, what will you ex- 
pect to find ? 

Emily. Nitrous acid instead of nitric acid, and ni- 
trogen instead of ammonia. 

Mrs. B. Exactly so ; and the nitrous acid, and ni- 
trogen combine, and form the gaseous oxyd of nitro- 
gen, in which the proportion of oxygen is 37 parts 
to 63 of nitrogen. 

You may have observed, that for a little while no 
bubbles of air have come over, and we have perceived 
only a stream of vapour condensing as it issued into 
the water. — Now bubbles of air again make their ap- 

Y 
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pearance, and I imagine that by this time all the wa- 
tery vapour is come away, and that we may begin to 
collect the gas. We may try whether it is pure by 
filling a phial with it, arfd plunging a taper into it — 
yes, it will do now, for the taper burns brighter 
than in the common air, and with a greenish flame. 

Caroline. But how is that ? I thought no gas would 
support combustion but oxygen. 

Mrs. B. Or any gas that contains oxygen, and is 
ready to yield it, which is the case with this in a con- 
siderable degree •, k is not, therefore, surprising that 
it should accelerate the combustion of the taper. 

You see that the gas is now produced in great 
abundance ; we shall collect a large quantity of it, 
and I dare say we shall find some of the family who 
will be curious to make the experiment of respiring 
it. Whilst this process is going on, we may take a 
general survey of the most important combinations 
of the nitric and nitrous acids with the alkalies. 

The first of these is nitrat of potash, commonly cal- 
led nitre or saltpetre. 

Caroline. Is not that the salt with which gunpow- 
der is made 

Mrs. B. ' Yes. Gunpowder is a mixture of five 
parts of nitre to one of sulphur, and one of char- 
coal. — Nitre from its great proportion of oxygen, 
and from the facility with which it yields it, is the 
basis of most detonating compositions. 

Emily. But what is the cause of the violent deto- 
nation of gunpowder when set fire to ? 

Mrs. B. Detonation may proceed from two causes; 
the sudden formation or destruction of an elastic flu- 
id. In the first case, when either a solid or liquid is 
instantaneously converted into an elastic fluid, the 
prodigious and sudden expansion of the body strikes 
the air with great violence, and this concussion pro- 
duces the sound called detonation. 

Caroline. That I comprehend very well ; but how 
can a similar effect be produced by the destruction of 
a gas ? 
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Airs. B. A gas can be destroyed only by conden- 
sing it to a liquid or solid state ; when this takes 
place suddenly, the gas, in assuming a new and 
more compact form produces a vacuum into which 
the surrounding air rushes with great impetuosity ; 
and it is by that rapid and violent motion that the 
sound is produced. In all detonations, therefore, 
gasses are either suddenly formed, or destroyed. In 
that of gunpowder, can you tell me which of these 
two circumstances takes place ? 

Emily. As gunpowder is a solid, it must, of course, 
produce the gasses in its detonation ; but hoAS', I can- 
not tell. 

Mrs. B. The constituents of gunpowder, when 
heated to a certain degree, enter into a number of 
new combinations, and are instantaneously converted 
into a variety of gasses, the sudden expansion of 
which gives rise to the detonation. 

Caroline. And in what instance does the destruc- 
tion or condensation of gasses produce detonation. 

Mrs. B. I can give you one with which you are 
well acquainted j the sudden combination of the ox- 
ygen and hydrogen gasses. 

Caroline. True; I recollect perfectly that hydrogen 
detonates with oxygen when the two gasses are con- 
verted into water. 

Airs. B. But let us return to the nitrat of potash. 
This salt is decomposed when exposed to heat, and 
mixed with any combustible body, such as carbone, 
sulphur, or metals, these substances oxydating rapid- 
ly at the expense of the nitrat. I must shew you an 
instance of this. — I expose to the fire some of the salt 
in a small iron ladle, and, when it is sufficiently heat- 
ed, add to it some powdered charcoal \ this will at- 
tract the oxygen from the salt, and be converted in- 
to carbonic acid — - 

Emily. But what occasions that crackling noise, 
and those vivid flashes that accompany it ? 

Airs. B. The rapidity with which the carbonic a- 
cid gas is formed, occasions a succession of small de- 
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tonations, which, together with the emission of 
flame, is called deflagration. 

Nitrat of Ammonia we have already noticed, on ac- 
count of the gaseous oxyd of nitrogen which is ob- 
tained from it. 

Nitrat of Silver is the lunar caustic, so remarkable 
for its property of destroying animal fibre, for which 
purpose it is often used by surgeons. — We have said 
so much on a former occasion, on the mode in which 
caustics act on animal matter, that I shall not detain 
you any longer on this subject. 



We now come to the carbonic acid, which we 
have already had many opportunities of noticing. 
You recollect that this acid may be formed by the 
combustion of carbone, whether in its imperfect state 
of charcoal, or in its purest form of diamond. And 
it is not necessary, for this purpose, to burn the car- 
bone in pure oxygen gas, as we did in a preceding 
lecture •, for you need only light a piece of charcoal 
and suspend it under the receiver on the water bath. 
The charcoal will soon be extinguished, and the air 
in the receiver will be found mixed with carbonic a- 
cid, the process, however is much more expeditious 
if the combustion be performed in pure oxygen gas. 

Caroline. But how can you separate the carbonic 
acid, obtained in this manner, from the air with 
which it is mixed. 

Mrs. B. The readiest mode is to introduce under 
the receiver, a quantity of caustic lime, or caustic 
alkali, which soon attracts the whole of the carbonic 
acid to form a carbonat. — The alkali is found increa- 
sed in weight, and the volume of the air is diminished 
by a quantity equal to that of the carbonic acid which 
was mixed with it. 

Emily. Pray is there no method of obtaining pure 
carbone from carbonic acid ? 



Mrs. B. For a long time it was supposed that car- 
bonic acid was not decomposable ; but Mr. Tennant 
discovered, a few years ago, that this acid may be 
decomposd by burning phosphorus in a closed ves- 
sel with carbonat of soda or carbonat of lime : the 
phosphorus absorbs the oxygen from the carbonat, 
whilst the carbone is separated in the form of a black 
powder. 

Caroline Cannot we make that experiment ? 

Mrs. B. Not easily ; it requires being performed 
with extreme nicety, in order to obtain any sensible 
quantity of carbone, and the experiment is much too 
delicate for me to attempt it. But there can be no 
doubt of the accuracy of Mr. Tennant's results ; and all 
chymists now agree, that 100 parts of carbonic acid 
gas consist of about 28 parts of carbone to 72 of oxy- 
gen gas. 

Carbonic acid gas is found very abundantly in na- 
ture ; it is supposed to form about a hundredth part 
of the atmosphere, and is constantly produced by the 
respiration of animals ; it exists in a great variety of 
combinations, and is exhaled from many natural de- 
compositions. It is contained in a state of great pu- 
rity in certain caves, such as the Grotto del Ccttie, near 
.Naples. 

Emily. I recollect having read* an account of that 
grotto, and of the cruel experiments made on the 
poor dogs, to gratify the curiosity of strangers. But 
I understood that the vapour exhaled by this cave 
was called_/zx«/ air. 

Mrs. B. That is the name by which carbonic acid 
was known before its chymical composition Was dis- 
covered. — This gas is more destructive of life than 
any other ; and if the poor animals that are submit- 
ted to its effects, are not plunged into cold water as 
soon as they become senseless, they do not recover. 
It extinguishes flame instantaneously. I have collec- 
ted some in this glass, which I will pour over the 
:?.iidle. 

y 2 
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Caroline. This is extremely singular — it seems to 
extinguish it as it were by enchantment, as the gas 
is invisible. I never should have imagined that a gas 
could have been poured like a liquid. 

Mrs. B. It can be done with carbonic acid only, 
as no other gas is sufficiently heavy to be susceptible 
of being poured out in the atmospherical air, without 
mixing with it. 

Emily. Pray by what means did you obtain this 
gas? 

Mrs. B. I procured it from marble. Carbonic 
acid gas has so strong an attraction for all the alka- 
lies and alkaline earths, that these are always found 
in nature in the state of carbonats. Combined with 
lime, this acid forms chalk, which may be consider- 
ed as the basis of all kinds of marble, and calca- 
reous stones. From these substances carbonic acid 
is easily separated, as it adheres so slightly to its com- 
binations, that the carbonats are all decomposable by 
any of the other acids. I can easily shew you how 
I obtained this gas ; I poured some diluted sulphuric 
acid over pulverized marble in this bottle (the same 
which we used the other day to prepare hydrogen gas), 
and the gas escaped through the tube connected with 
it ; the operation still continue?, as you may easily 
perceive — 

Emily. Yes, it does ; there is a great fermentation 
in the glass vessel. What singular commotion is ex- 
cited by the sulphuric acid taking possession of the 
lime, and driving out the carbonic acid ? 

Caroline. But did the carbonic acid exist in a jas- 

o 

eous state in the marble ! 

Mrs. B. Of course not •, the acid, when in a state 
of combination, is capable of existing in a solid form. 

Caroline. Whence, then, does it obtain the calo- 
ric necessary to convert it into a gas ? 

Airs. B. It may be supplied in this case from the 
mixture of sulphuric acid and water, which produces 
an evolution of heat, even greater than is required 
for the purpose ; since, as you may perceive by 
ouching the glass vessel, a considerable quantity of 
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the caloric disengaged becomes sensible. But a sup- 
ply of caloric may be obtained also from a diminu- 
tion of capacity for heat, occasioned by the new 
combination which takes place ; and, indeed, this 
must be the case when other acids are employed for 
the disengagement of carbonic acid gas, which do 
not, like the sulphuric, produce heat on being mix- 
ed with water. Carbonic acid may likewise be dis- 
engaged from its combinations by heat alone, which 
restores it to its gaseous state. 

Caroline. It appears to me very extraordinary that 
the same gas, which is produced by the burning of 
wood and coals, should exist also in stones, marble, 
and chalk, which are incombustible substances. 

Mrs. B. I will not answer that objection, Caro- 
line, because I think I can put you in a way of doing 
it yourself. Is carbonic acid combustible ? 

Caroline. Why, no — because it is a body that has 
been already burnt, it is carbone only, and not the 
acid, that is combustible. 

Mrs. B. Well and what inference do you draw 
from this ? 

Caroline. That carbonic acid cannot render the 
bodies in which it is contained combustible ; but 
that simple carbone does, and that it is in this ele- 
mentary state that it exists in wood, coals, and a 
great variety of other combustible bodies. — Indeed, 
Mrs. B. you are very ungenerous ; you are not satis- 
fied with convincing me that my objections are fri- 
volous, but you oblige me to prove them so myself. 

Mrs. B. You must confess, however, that I make 
ample amends for the detection of error, when I 
enable you to discover the truth. You understand, 
now, I hope, that carbonic acid is equally produced 
by the decomposition of chalk, or by the combustion 
of charcoal. These processes are certainly of a very 
different nature ; in the first case the acid is already 
formed, and requires nothing more than heat to re- 
store it to its gaseous state ; whilst, in the latter, the 
acid is actually formed by the process of combustion. 



Caroline. I understand it now perfectly. But I 
have just been thinking of another difficulty, which 
I hope you will excuse my not being able to remove 
myself. How does the immense quantity of calca- 
reous earth, which is spread all over the globe, ob- 
tain the carbonic acid which is combined with it ? 

Mrs. B. This question is, indeed, not very easy 
to answer ; but I conceive that the general carboni- 
zation of calcareous matter may have been the effect 
of a general combustion, occasioned by some revolu- 
tion of our globe, and producing an immense supply 
of carbonic acid, with which the calcareous matter 
became impregnated •, or that this may have been ef- 
fected by a gradual absorption of carbonic acid from 
the atmosphere. — But this subject would lead us to 
discussions which we cannot indulge in, without de- 
viating too much from our subject. 

Emily. How does it happen that we do not per- 
ceive the pernicious effects of the carbonic acid thai 
is floating in the atmosphere ? 

Mrs. B. Because of the state of very great dilu- 
tion in which it exists there. But can you tell me, 
Emily, what are the sources which keep the atmos- 
phere constantly supplied with this acid ? 

Emily. I suppose the combustion of wood, coals, 
and other substances, that contain carbone. 

Mrs. B. And also the breath of animals. 

Caroline. The breath of animals ! I thought you 
said that this gas was not at all respirable, but, on the 
contrary, extremely poisonous. 

Mrs. B. So it is ; but although animals cannot 
breathe in carbonic acid gas, yet, in the process of 
respiration, they have the power of forming this gas 
in their lungs ; so that the air which we expire t or 
reject from the lungs, always contains a certain pro- 
portion of carbonic acid, which is much greater than 
that which is commonly found in the atmosphere. 

Caroline. But what is it that renders carbonic acid 
such a deadly poison ? 
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Mrs. B. The manner in which this gas destroys 
life, seems to be merely by preventing the access of 
respirable air ; for carbonic acid gas, unless very 
much diluted with common air, does net penetrate 
into the lungs, as the windpipe actually contracts, 
and refuses it admittance. — But we must dismiss this 
subject at present, as we shall have an opportunity 
of treating of respiration much more fully, when we 
come to the chymical functions of animafs. 

Emily. Is carbonic acid as destructive to the life of 
vegetables, as it is to that of animals ? 

Mrs. B. If a vegetable be completely immersed in 
it, I believe it generally proves fatal to it ; but mix- 
ed in certain proportions with atmospherical air, it is 
on the contrary, very favourable to vegetation. 

You remember, I suppose, our mentioning the 
mineral waters, both natural and artificial, which 
contain carbonic acid gas ? 

Caroline. You mean the Seltzer water ? 
Mrs. B. That is one of those which are the most 
used ; there are, however, a variety of others into 
which carbonic acid enters as an ingredient ; all these 
waters are usually distinguished by the name of aci- 
dulous or gaseous mineral waters. 

The class of salts called carbonats is the most nume- 
rous in nature ; we must pass over them in a very 
cursory manner, as the subject is far too extensive 
for us to enter on in detail. The state of carbonat 
i s the natural state of a vast number of minerals, and 
particularly of the alkalies and alkaline earths, as 
they have so great an attraction for the carbonic 
acid, that they are almost always found combined 
with it ; and you may recollect that it is only by se- 
parating them from this acid, that they acquire that 
causticity and those striking qualities which I have 
formerly described. All marbles, chalks, shells, 
calcareous spars, and limestones of every descrip- 
tion, are neutral salts, in which lime, their common 
basis, has lost all its characteristic properties. 
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Emily. But if all these various substances are form- 
ed by the union of lime with carbonic acid, whence 
arises their diversity of form and appearance ? 

Mrs. B. Both from the different proportions of 
their component parts, and from a variety of foreign 
ingredients which may be occasionally mixed with 
them : the veins and colours of marble, for instance, 
proceed from a mixture of metallic substances ; silex 
and alumine also frequently enter into these combi- 
nations. The various carbonats therefore, that I 
have enumerated, cannot be considered as pure una- 
dulterated neutral salts, although they certainly be- 
long to that class of bodies. 



CONVERSATION XVJ. 

On the muriatic and oxygenated muriatic acids j and on 
muriats. 



Mrs. B. 

WE come now to tile undecompounded acids. — 
The muriatic, formerly called the marine acid, is 
the only one that requires our particular attention. 

The basis of this acid, as I have told you before, 
is unknown, all attempts to decompose it having hi- 
therto proved fruitless ; it is, therefore, by analogy 
only, that we suppose it to consist of a certain sub- 
stance or radical, combined with oxygen. 

Caroline. It can then never be formed by the com- 
bination of simple bodies, but must always be drawn 
from its compounds. 

Emily. Unless the acid should be found in nature 
uncombined with other substances. 
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Mrs. B. I believe that is never the case. Its 
principal combinations are with soda, lime, and mag- 
nesia. Muriat of soda, is the common sea salt, and 
from this substance the acid is usually disengaged by- 
means or the sulphuric acid. The natural state of 
the muriatic acid, is that of an invisible permanent 
gas, at the common temperature of the atmosphere ; 
but it has an extremely strong attraction for water, 
and assumes the form of a whitish cloud, whenever 
it meets with any moisture to combine with. This 
acid is remarkable for its peculiar and very pungent 
smell, and possesses, in a powerful degree, most of 
the acid properties. Here is a bottle containing mu- 
riatic acid in a liquid state — 

Caroline. And how is it liquified ? 

Mrs. B. By impregnating water with it ; its 
strong attraction for water makes it very easy to ob- 
tain it in a liquid form. Now, if I open the phial, 
you may observe a kind of vapour rising from it, 
which is muriatic acid gas, of itself invisible, but 
made apparent by combining with the moisture of 
the atmosphere. 

Emily. Have you not any of the pure muriatic 
acid gas ? 

Airs. B. This jar is full of that acid in its gaseous 
state — it is inverted over mercury instead of water, 
because, being absorbable by water, this gas cannot 
be confined by it. — I shall now raise the jar a little 
on one side, and suffer some of the gas to escape. — 
You see that it immediately becomes visible in the 
form of a cloud. 

Emily. It must be, no doubt, from its uniting with 
the moisture of the atmosphere, that it is converted 
into this dewy vapour. 

Mrs. B. Certainly ; and for the same reason, 
that is to say, its extreme eagerness to unite with 
water, this gas will cause snow to melt as rapidly as 
an intense fire. 

Emily. Since this acid cannot be decomposed, I 
suppose that it is not susceptible of different degrees 
of oxygenation ? 
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Mrs. B. You are mistaken in your conclusion ; 
for though we cannot deoxygenate this acid, yet we 
may add oxygen to it. 

Caroline. Why then is not the least degeee of ox- 
ygenation of the acid, called the muriatous, and the 
higher degree the muriatic acid ? 

Mrs. B. Because, instead of becoming, like other 
acids, more dense, and more acid by an addition of 
oxygen, it is rendered on the contrary more vola- 
tile, more pungent, but less acid, and less absorba- 
ble by water. These circumstances, therefore, seem 
to indicate the propriety of making an exception to 
the nomenclature. The highest degree of oxygena- 
tion of this acid has been distinguished by the addi- 
tional epithet of oxygenated^ or, for the sake of brevi- 
ty, cxy, so that it is called the oxygenated^ or oxy-mu- 
riatic acid. This likewise exists in a gaseous form, at 
the temperature of the atmosphere ; it is also suscep- 
tible of being absorbed by water, and can be con- 
gealed, or solidified, by a certain degree of cold. 

Emily. And how do you obtain the oxy-muriatic 
acid ? 

Mrs. B. By distilling liquid muriatic acid over ox- 
yd of manganese, which supplies the acid with the 
additional oxygen. One part of the acid being put 
into a retort, with too parts of the oxyd of manga- 
nese, and the heat of a lamp applied, the gas is soon 
disengaged, and may be received over water, as it it 
but sparingly absorbed by it. I have collected some 
in this jar — 

Caroline. It is not invisible, like the generality of 
gasses j for it is of a yellowish colour. 

Mrs. B. The muriatic acid extinguishes flame, 
whilst, on the contrary, the oxy-muriatic makes the 
flame larger, and gives it a dark red colour. Can 
you account for this difference in the two acids ? 

Emily. Yes, I think so ; the muriatic acid cannot 
be decomposed, and therefore will not supply the 
flame with the oxygen necessary for its support ; but 
when this acid is farther oxygenated it will part with 
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additional quantity of oxygen, and in this way 
support combustion. 

Mrs. B. That is exactly the case ; indeed the ox- 
ygen, added to the muriatic acid, adheres so slightly 
to it, that it is separated by mere exposure to the 
sun's rays. This acid is decomposed also by com- 
bustible bodies, many of which it burns, and actual- 
ly inflames, without any previous" increase of tempe- 
rature. 

Caroline. That is extraordinary, indeed ! I hope 
you mean to indulge us with some of these experi- 
ments ? 

Mrs. B. I have prepared several glass jars of oxy- 
xnuriatic acid gas, for that purpose. In the first we 
shall introduce some Dutch gold leaf. — Do you ob- 
serve that it takes fire? 

Emily. Yes, indeed it does — how wonderful it is ! 
it became immediately red hot, but was soon smo- 
thered in a thick vapour. 

Caroline. Good heavens 1 what a disagreeable 
smell. 

Mrs. B. We shall try the same experiment with 
phosphorus in another jar of this acid. — You had 
better keep your handkerchief to your nose when I o- 
pen it — now let us drop into it this little piece of 
phosphorus — 

Caroline. It burns really : and almost as brilliantly 
as in oxygen gas ! But what is most extraordinary, 
these combustions take place without the metal or 
phosphorus^ being previously lighted, or even in the 
least heater". 

Mrs. B. All these curious effects are owing to the 
very great facility with which this acid yields oxygen 
to such bodies as are strongly disposed to combine 
with it. It appears extraordinary indeed to see bo- 
dies, and metals in particular, melted down and in- 
flamed, by a gas, without any increase of tempera- 
ture, either of the gas or of the" combustible. The 
phenomenon, however, is, ycu see, well account- 
ed for. 
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Emily. Why did you burn a piece of Dutch gold 
leaf rather than a piece of any other metal ? 
^ Mrs. B. Because, in the first place, it is a compo- 
sition of metals consisting chiefly of copper, which 
burns readily ; and I use a thin metallic leaf in pre- 
ference to a lump of metal, because it offers to the 
action of the gas but a small quantity of matter un- 
der a large surface.— Filings, or shavings, would an- 
swer the purpose nearly as well ; but a lump of me- 
tal, though the surface would oxydate with great ra- 
pidity, would not take fire. Pure gold is not infla- 
med by oxy-muriatic acid gas, but it is rapidly oxyda- 
tedj and dissolved by it ; indeed, this acid is the on- 
ly one that will dissolve gold. 

Emily. This, I suppose, is what is commonly cal- 
led aqua regia, which you know, is the only thing 
that will act upon gold. 

Mrs. B. That is not exactly the case either ; for 
aqua regia is composed of a mixture of muriatic and 
nitric acid. — But, in fact, the result of this mixture 
is nothing more than oxy-muriatic acid, as the muri- 
atic acid oxygenates itself at the expense of the 
nitric \ this mixture, therefore, though it bears the 
name of nifro muriatic acid, acts on gold merely in 
virtue of the oxy-muriatic acid which it contains. 

Sulphur, volatile oils, and many other substances, 
will burn in the same manner in oxy-muriatic acid 
gas ; but I have not prepared a sufficient quantity of 
it, to shew you the combustion of all these bodies. 

Caroline. Yet there are several jars of the gas re- 
maining. 

Mrs. B. We must reserve these for other experi- 
ments. The oxy muriatic acid does not, like other 
acids, redden the blue vegetable colours ; but it to- 
tally destroys any colour, and turns all vegetables 
perfectly white. Let us collect some vegetable sub- 
stances to put into this glass which is full of gas. 

Emily. Here is a sprig of myrtle — 

Caroline. And here some coloured paper — 

r. B. We shall also put in this piece of coque- 
licot ribbon, and arose — • 
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Emily. Their colours begin to fade immediately I 
But how does the gas produce this effect ? 

Mrs. B. The oxygen combines with the colour- 
ing matter of these substances, and destroys it ; that 
is to say, destroys the property which these colour:; 
had of reflecting only one kind of rays, and render:; 
them capable of reflecting them all, which, you 
know, will make them appear white. Old prints 
may be cleaned by this acid, for the paper will be 
whitened without injuring the impression, as printer's 
ink is made of materials (oil and lamp black) which 
are not acted upon by acids. 

This property of the oxy-muriatic acid has lately 
been employed in manufactories in a variety of 
bleaching processes ; but for these purposes the ga~ 
must be dissolved in water, as the acid is thus ren- 
dered much milder and less powerful in its effects ; 
for, in a gaseous state, it would destroy the texture, 
as well as the colour, of the substance submitted to 
its action. 

Caroline. Look at the things which we put into 
the gas ; they have now entirely lost their colour ! 

Mrs. B. The effect of the acid is almost comple- 
ted ; and, if we were to examine the quantity that 
remains, we should find it consist chiefly of muriatic 
acid. 

The oxy-muriatic acid has been used to purify the 
air in fever hospitals and prisons, as it burns and de- 
stroys putrid effluvia of every kind. Tfte infection 
of the small pox is likewise destroyed by this gas, 
and matter that has been submitted to its influence 
will no longer generate that disorder. 

Caroline. Indeed, I think the remedy mu 
nearly as bad as the disease; the oxy-muriatic acl : 
has such a dreadful suffocating smell. 

Mrs. B. It is certainly extremely offensive ; but, 
by keeping the mouth shut, and wetting the nostrils 
with liquid ammonia, in order to neutralize the va- 
pour as it reaches the nose, its prejudicial effects mav 
be in some degree prevented. At any rate, however,' 
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this mode of disinfection can hardly be used in places. 
that are inhabited. And as the vapour of nitric acid, 
which is scarcely less efficacious for this purpose, is 
not at all prejudicial, it is usually preferred on such 



occasions. 



Amongst the compound salts formed by muriatic 
acid, the murlat of soda, or common salt, is the 
most interesting. The uses and properties of this 
salt are too well known to require much comment. 
13esides the pleasant flavour it imparts to the food, it 
is very wholesome, when not used to excess, as it 
greatly as3ists the process of digestion. 

Sea-water is the great source from which muriat 
of soda is extracted by evaporation. But it is also 
found in large solid masses in the bowels of the earth, 
in England, and in many other parts of the world. 
.Emily. I thought that salts, when solid, were al- 
te of crystals; but the common table 
salt is in the form of a coarse white powder. 

Mrs. B. Crystallization depends, as you may re- 
collect, on the slow and regular reunion of particles 
dissolved in a fluid; common sea salt is only in a 
state of imperfect crystallization, because the process 
by which it is prepared is not favourable to the for- 
mation of regular crystals. But, if you melt it, and 
afterwards evaporate the water slowly, you will ob- 
tain a regular crystallization. 

Muriat of ammonia is another combination of this 
acid, which we have already mentioned as the prin- 
cipal source from which ammonia is derived- 

I can at once shew you the formation of this salt 
by the immediate combination of muriatic acid with 
ammonia.— These two glass jars contain, the one mu- 
riatic acid gas, the other ammoniacal gas, both of 
which are perfectly invisible— now, if I mix them 
together, you see they immediately form an opaque 
white cloud, like smoke. If a thermometer were 
placed in the jar in which these gasses are mixed, 
you would perceive that some heat is at the same 
1 time produced. 
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Emily. The effe&s of chymical combinations are,, 
indeed, wonderful — how extraordinary it is that two 
invisible bodies should become visible by their union. 
Mrs. B. This strikes you with wonder because it 
is a phenomenon which nature seldom exhibits to 
our view ; but the most common of her operations 
are as wonderful, and it is their frequency only that 
prevents our regarding them with equal admiration. 
What would be more surprising for instance, than 
combustion, were it not rendered so familiar by cus- 
tom ? 

Emily. That is true. — But pray, Mrs. B. is this 
white cloud the salt that produces ammonia ? How- 
different it is from the solid muriat of ammonia 
which you once shewed us ! 

Mrs. B. It is the same substance which first ap- 
pears in the state of vapour, but will soon be con- 
densed, by cooling against the sides of the jar, in the 
form of very minute crystals. 

We may now proceed to the oxy-muriats. In this 
class of salts the oxy-muriat of potash is the most wor- 
thy of our attention, for its striking properties. The 
.acid, in this state of combination, contains a still 
greater proportion of oxygen than when alone. 

Caroline. But how can the oxy-muriatic acid ac- 
quire an increase of oxygen by combining with pot- 
ash ? 

Mrs. B. It does not really acquire an additional' 
quantity of oxygen, but it loses some of the muriatic 
acid, which produces the same effect, as the acid that 
remains is proportionably super-oxygenated. 

If this salt be mixed, and merely rubbed together 
with sulphur, phosphorus, charcoal, or indeed any 
other combustible, it explodes strongly. 

Caroline. Like gunpowder, I suppose, it is sudden- 
ly convened into elastic fluids ? 

Mrs. B. Yes \ but with this remarkable differ- 

ence, that no increase of temperature, any further 

than is produced by the gentle friction, is required 

in this instance. Can you tell me what gasses a>-<- 

z2 
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generated by the detonation of this salt with char- 
coal ? 

Emily. Let me consider The oxy muri- 
atic acid parts with its excess of oxygen to the char- 
coal, by which means it is converted into muriatic 
acid gas ; whilst the charcoal, being burnt by the 
oxygen, is changed to carbonic acid gas — What be- 
comes of the potash I cannot tell. 

Mrs. B. That is a fixed product which remains in 
the vessel. 

Caroline. But since the potash does not enter into 
the new combinations, I do not understand of what 
use it is in this operation. Would not the oxy-mu- 
riatic acid and the charcoal produce the same effect 
without it ? 

Mrs. B. No ; because there would not be that 
very great concentration of oxygen which the com- 
bination with the potash produces, as I have just ex- 
plained. 

I mean to shew you this experiment, but I would 
advise you not to repeat it alone ; for if care be not 
taken to mix only very small quantities at a time, 
the detonation will be extremely violent, and may be 
attended with dangerous effects-. You see I mix an 
exceedingly small quantity of the salt with a little 
powdered charcoal, in this Wedgwood mortar, and 
rub them together with the pestle — 

Caroline. Heavens ! How can such a loud explo- 
sion be produced by so small a quantity of matter ?' 

Mrs. B. You must consider that an extremely 
small quantity of solid substance may produce a very 
great volume'of gasses ; and it is the sudden evolu- 
tion of these which occasions the sound. 

Emily. Would not oxy-muriat of potash- make 
stronger gunpowder than nitrat ot potash ? 

Mrs. B. Yes •, but the preparation as well as the 
use of this salt, is attended with so much danger, 
that it is*never employed for that purpose. 

Caroline. There is no cause to regret it, I think ; 
for the common gunpowder is quite sufficiently de- 
structive. 
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Mrs. B. I can she ,. u a very curious experi- 
ment with ui, salt ; but it must again be' on 
condition that you wiii never attempt to repeat it by 
yourselves. I throw a small piece of phosphorus in- 
to this glass of water ; then a little .oxy muriat of 
potash ; and, lastly, I pour in, by means of this fun- 
nel, so as to bring it in contact with the two other 
ingredients in the bottom of the glass, a small quan- 
tity of sulphuric acid — 

Caroline. This is indeed, a beautiful experiment f 
the phosphorus takes lire and burns from the bottom 
of the water. 

Emily. How wonderful it is to see flame bursting 
out under water, and rising through it ! Pray, how 
is this accounted for ? 

Mrs. B. Cannot you find it out, Caroline ? 

Emily. Stop — I think I can explain it. Is it not 
because the sulphuric acid decomposes the salt by 
combining with the potash, so as to liberate the oxy- 
muriatic acid gas by which the phosphorus is set on 
fire? 

Mrs. B. Very well, Emily ; and with a little more 
reflection you would have discovered another con- 
curring circumstance, which is, that an increase of 
temperature is produced by the mixture of the sul- 
phuric acid and water, which assists in promoting 
the combustion of the phosphorus. 

We have now examined such of the acids and 
salts as I conceived would appear to you most inte- 
resting. — I shall not enter into any particulars re- 
specting the metallic acids, as they offer nothing suf- 
ficiently striking for our present purpose, 



CONVERSATION AT 7,\ 
On the nature and composition of vegetables* 

Mrs. B. 

"WE have hitherto treated only of the simplest 
combinations of elements, such as oxyds, acids, com- 
pound salts, stones, &c. all of which belong to the 
mineral kingdom. It is time now to turn our atten- 
tion to a more complicated class of compounds, that 
of Organized Bodies, which will furnish us with a 
Hew source of instruction and amusement. 

Emily. By organized bodies, I suppose you mean 
the vegetable and animal creation ? I have, however, 
but a very vague idea of the word organization , and 
I have often wished to know more precisely what? 
it means, 

Mrs. B. Organized bodies are such as are endow- 
ed by nature with various parts, peculiarly construct- 
ed and adapted to perform certain functions con- 
nected with life. Thus you may observe, that mi- 
neral compounds are formed by the simple effect of 
mechanical or chymical attraction, and may appear 
to some to be, in a great measure, the productions 
of chance-, whilst organized bodies bear the most 
striking marks of design, and are eminently distin- 
guished by that unknown principle called life, from 
which the various organs derive the power of exer- 
cising their respective functions. 

Caroline. But in what manner does life enable 
these organs to perform their several functions ? 

Mrs. B. That is a mystery which, I fear, is en- 
veloped in too profound darkness for us to hope 
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that we shall ever be able to unfold it. We must 
content ourselves with examining the effects of this 
principle ; as for the cause, we have been able only 
to give it a name, without attaching any other mean- 
ing to it than the vague and unsatisfactory idea of an 
unknown agent. 

Caroline. And yet I think I can 'form a very clear 
idea of life. 

Mrs. B. Pray let me hear how you would de- 
fine it. 

Caroline. It is perhaps more easy to conceive than 
to express — let me consider — Is not life the power 
which enables both the animal and vegetable crea- 
tion to perform the various functions which nature 
has assigned to them. 

Jilrs. B. I have nothing to object to your defini- 
tion ; but you will allow me to observe, that you 
have only mentioned the effects which the unknown 
cause produces, without giving us any notion of the 
cause itself. 

Emily. Yes, Caroline, you have told us what life 
does, but you have not told us what it /'/. 

Mrs. B. "We may study its operations, but we 
should pu?zle ourselves to no purpose by attempting 
to form an idea of its real nature. 

We shall begin with examining its effects in the ve- 
getable world, which constitutes the simplest class of 
organized bodies ; these we shall find distinguished 
from the mineral creation, not only by their more 
complicated nature, but by the power which they 
possess within themselves, of forming new chymical 
arrangements of their constituent parts, by means 
of appropriate organs. Thus, though all vegeta- 
bles are ultimately composed of hydrogen, carbone, 
and oxygen, (with a few other occasional ingredi- 
ents), they separate and combine these principles by 
their various organs in a thousand ways, and form 
with them, different kinds of juices and solid parts, 
which exist ready made in vegetables, and may, 
therefore, be considered as their immediate mate- 
rials. 
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are : 



S>'ip, Resins, 

Mucilage, Chan Resins, 

Sugar, , < Balsams, 

Fecula Caoutch-Atc, 

Gluten, Extratlive colouring matter ■, 

Fixed Oil, Tannin, 

VolatHe Oil, Woody Fibre, 

Camphor Vegetable Acids, CSV. 

Caroline. What a long list of names ! I did not 
suppose that a vegetable was composed of half so 
many ingredients. 

Mrs. B. You must not imagine that every one 
of these materials is formed in each individual plant. 
I only mean to say, that they are all derived exclu- 
sively from the vegetable kingdom. 

Emily. But does each particular part of the plant, 
such as the root, the bark, the stem, the seeds, the 
leaves, consist of one of these ingredients only, or of 
several of them combined together ? 

Mrs. B, I Believe there is no part of a plant 
which can be said to consist solely of any one parti- 
cular ingredient ; a certain number of vegetable mate- 
rials must always be combined for the formation of 
any particular part, (of a seed, for instance), and 
these combinations are carried on by sets of vessels, 
or minute organs, which select from other parts, 
and bring together, the several principles required 
for the developement and growth of those particular 
parts which they are intended to form and to main- 
tain. 

Emily. And are not these combinations ahv,v 
gulated by the laws of chymical attraction ? 

Mrs, B. No doubt ; the organs of plants carina 
force principles to combine that have no attraction for 
each other ; nor can they compel superior attractions 
to yield to those of inferior power ; they probably act 
rather mechanically, by bringing into contact such 



.iples, and in such proportions, as will by their 
chymical combination, form the various vegetable 
products. 

Caroline. We may then consider each of these organs 
as a curiously constructed apparatus, adapted for the 
performance of a variety of chymical processes. 

Mrs. B. Exactly so. As long as the plant lives and 
thrives, the carbone, hydrogen, and oxygen, (the 
chief constituents of its immediate materials), are v so 
-balanced and connected together, that they are not 
susceptible of entering into other combinations j but 
no sooner does death take place, than this state of 
equilibrium is destroyed, and new combinations pro- 
duced. 

Emily. But why should death destroy it ; for these 
principles must remain in the same proportions, an'd 
consequently, I should suppose, in the same order of 
attractions ? 

Mrs. B. You must remember, that in the vegeta- 
ble, as well as in the animal kingdom, it is by the 
principle of life that the organs are enabled to act ; 
when deprived of that agent or stimulus, their power 
ceases, and an order of attractions succeeds similar to 
that which would take place in mineral or unorgan- 
ized matter. 

Emily. It is this new order of attractions, I sup- 
pose, that destroys the organization of the plant after 
death ; for if the same combinations still continued to 
prevail, the plant would always remain in the state in 
which it died. 

Mrs. B. And that you know is never the case ; 
plants may be partially preserved for some time after 
death, by drying ; but in the natural course of events 
they all return to the state of simple elements 5 a 
wise and admirable dispensation of Providence, by 
which dead plants are rendered fit to e/irich the soil, 
and become subservient to the nourishment of living 
vegetables. 

Caroline. But we are talking of the dissolution of 
plants, before we have examined them in their li- 
ving state. 
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Mrs. B. That is true, my dear. But I wished to 
give you a general idea of the nature of vegetation, 
before we entered into particulars. Besides, it is not 
so irrelevant as you suppose to talk of vegetables in 
their dead state, since we cannot analyse them with- 
out destroying life ; and it is only by hastening to 
submit them to examination, immediately after they 
have ceased to live, that we can anticipate their na- 
tural decomposition. There are two kinds of analysis 
of which vegetables are susceptible •, first, that which 
separates them into their immediate materials, such 
as sap, resin, mucilage, &c. 2dly, that which de- 
composes them into their primitive elements, as car- 
bone, hydrogen, and oxygen. 

Emily. Is there not a third kind of analysis of 
plants which consists in separating their various parts, 
as the stem, the leaves, and the several organs of the 
flower ? 

Mrs. B. That, my dear, is rather the department 
of the botanist : we shall consider these different 
parts of plants, only as the organs by which the va- 
rious secretions or separations are performed-, but 
we must first examine the nature of these secretions. 

The sap may be considered as the principal mate- 
rial of vegetables, since it contains the ingredients 
that nourish every part of the plant. The basis of 
this juice, which the roots suck up from the soil is 
water ; this holds in solution the various other ingre- 
dients required by the several parts of the plant, 
which are gradually secreted from the sap by the 
different organs appropriated to that purpose, as it 
passes through them in circulating through the riant. 

Mucus or mucilage, is a vegetable substrain 
like all the- others, is secreted from the sap ; when 
in excess, it exudes from trees in the form of gum. 

Caroline. Is that the gum so frequently used in- 
stead of paste or glue ? 

Mrs. B. It is ; almost all fruit-trees yield some 
sort of gum, but that most commonly used in the 
arts is obtained from a soeties of acacia- tree in Ara- 
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bia, and is called gum Arabic; it forms the chief 
nourishment of the natives of those parts, who ob- 
tain it in great quantities from incisions which they 
make in the trees. 

Caroline. I did not know that gum was eatable. 

Mrs. B. I should not imagine that it would be 
either a pleasant or a particularly eligible diet to 
those who have not, from their birth, been accus- 
tomed to it. It is, however, frequently taken me- 
dicinally, and considered as very nourishing. Seve- 
ral kinds of vegetable acids may be obtained, by 
particular processes, from gum or mucilage, the prin- 
cipal of which is called the mucous acid. 

Sugar is not found in its simple state in plants, but 
is always mixed with gum, sap, or other ingredients ; 
:'t is to be found in every vegetable, 'but abounds 
most in roots, fruits, and particularly in the sugar- 
cane. 

EmiFy. If all vegetables contain sugar, why is it 
extracted exclusively from the sugar cane ? 

Mrs. B. Because it is both most abundant in that 
plant, and most easily obtained from it. 

During the late troubles in the West Indies, when, 
Europe was but imperfectly supplied with sugar, seve- 
artempts were made to extract it from other vege- 
tables, and very good sugar was obtained from parsnips 
and from carrots ; but the process" was too expensive 
to carry this enterprize to any extent. 

Caroline. I should think that sugar might be more 
easily obtained from sweet fruits, such as figs, 
dates, Sec. 

Mrs. B. Probably ; but it would be still more ex- 
pensive, from the high price of those fruits. 

Emily. Pray in what manner is sugar obtained 
from the sugar cane ? 

Mrs. B. The juice of this plant is first expressed 
by passing it between, two cylinders of iron. ' 
then boiled with lime water, which ;inakes a 
scum rise tq the surface. The clarified liq 
off below and evaporated to a yery 
a a 
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after which it is suffered to crystalize by standing in 
a vessel, the bottom of which is perforated with holes, 
that are imperfettly stopped, in order that the syrup 
may drain off. The sugar obtained by this process is 
a coarse brown powder, commonly called raw or 
moist sugar ; it undergoes another operation to be 
refined and converted into loaf sugar. For this pur- 
pose it is dissolved in water, and afterwards purified 
by an animal fluid, called albumen. White of eggs 
chiefly consist of this fluid, which is also one of the 
constituent parts of blood •, and consequently eggs, or 
bullock's blood, are commonly used for this purpose. 

The albuminous fluid being diffused through the 
syrup, combines with all the solid impurities con- 
tained in it, and rises with them to the surface, where 
it forms a thick scum; the clear liquor is then again 
evaporated to a proper consistence, and poured into 
moulds, in which, by a confused crystallization, it 
forms loaf sugar. But an additional process is re- 
quired to whiten it ; to this effecT: the mould is in- 
verted, and its open base is covered, with clay, 
through which water is made to pass ; the water 
slowly trickling through the sugar, combines with, 
-$nd carries off the colouring matter. 

Caroline. I am very glad to hear that the blood 
that is used to purify sugar does not remain in it, it 
would be a disgusting idea. 

Emily. And pray how is sugar-candy and barley- 
sugar prepared. 

Mrs. B. Candied sugar is nothing more than the 

• regular crystals, obtained by slow evaporation from a 

solution of sugar. Barley sugar is sugar melted by 

heat, and afterward* cooled in moulds of a spiral form. 

Sugar may be decomposed by a red heat; and, like 
all other vegetable substances, resolved into carbonic 
acid and hydrogen. The formation and the decom- 
position of sugar afford many very interesting par- 
ticulars, which we shall fully examine after having 
gone through the other materials of vegetables.— 
We shall find there is reason to suppose that sugar 
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is not, like the other materials, secreted from the 
sap by appropriate organs; but that it is formed bv 
a peculiar process with which you are not vet ac- 
quainted. 

Caroline. Pray is not honey of the same nature as 
sugar r 

Mrs. B. Honey is a mixture of sugar and gum. 
Emily. I thought that honey was in some measure 
an animal substance, as it is prepared by the bees. 

Mrs. B. It is rather collected by them from flow- 
ers, and conveyed to their storehouses, the hives.— 
It is the wax only that undergoes a real alteration in 
the body of the bee, and is thence converted into an 
animal substance. 

. Emily. Cannot sugar be obtained from honey, 
since it is so simple a compound ? 

Mrs. B. No mode has yet been discovered to ef- 
fect this : it is supposed, however, to have been done 
by the ancients, who were unacquainted with the 
sugar cane, but the process is now-unknown. 

Manna is a compound of sugar, gum, and a nau- 
seous extractive matter, to which last it owes its pe- 
culiar taste and colour. It exudes like gum from va- 
rious trees in hot climates, some of which have their 
leaves glazed by it. 

The next of the vegetable materials is ferula ; this i ■ 
the general name given to the farinaceous substance- 
contained in all seeds, and in some roots, as the potato, 
parsnip, &c. It is intended bv nature for the first 
aliment of the young vegetable'; but that of one par- 
ticular grain is become a favourite and most common 
food of a large part of mankind. 
_ Emily. You allude, I suppose, to bread, which 
is made of wheat-flour ? 

Mrs. B. Yes. The fecula of wheat contains also 
another vegetable substance which seems peculiar to 
that seed, or at least has not as yet been obtained 
from any other. This is gluten, which is of a sticky, 
ropy, elastic nature ; and it is supposed to be owing 
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icious qualities of this substance, that whe 
flour forms a much better paste tban any otber. 

Emily. Gluten, by your description must be verv 
like gum. 

Mrs. B. In their sticky nature they certainly have 
some resemblance : but gluten is essentially different 
from gum in other points, and especially in its being 
insoluble in water, whilst gum you know is extreme- 
ly soluble. 

The cits contained in vegetables all consist of hy- 
drogen and carbone in various proportions. They are 
of two kinds, fixed and volatile, both of which we for- 
merly mentioned. Do you remember in what the 
difference between fixed and volatile oil consists ? 

'My. If 1 recollect right, the former are decora- 
posed by heat, whilst the latter are merely volati- 
d by it. 
Mrs. B. Very well. Fixed oil is contained only 
in the seeds of plants, excepting in the olive, in which 
it is produced in, and expressed from the fruit. We 
have already observed that seeds contain also fecula ; 
these two substances, united with a little mucilage, 
form the white substance contained in the seeds or 
kernels of plants, and is destined for the nourish- 
ment of the young plant, to which the seed gives 
birth. The milk of almonds, which is expressed 
from the seed of that name, is composed of these 
three substances. 

Emily. Pray of what nature is the linseed oV 
which is used in painting ? 

Mrs. B. It is a fixed oil obtained from the seed of 
flax. Nut oil, which is frequently used for the same 
purpose is expressed from walnuts. 

Olive oil is that which is best adapted to culinary 
purposes. . 

Caroline. And what are the oils used for burnmg t 
Mrs. B. Animal oils most commonly •, but the 
preference given to them is owing to their being less 
expensive; for vegetable oils burn equally well, and 
are more pleasant, as their smell is not offensive. 
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Emily: Since o<l is so good a combustible, what is 
the reason that lamps so frequently require trimming?' 

Mrs. B. This sometimes proceeds from the con- 
struction of the lamp, which may not be sufficiently 
favourable to a perfect combustion ; but there is cer- 
tainly a defect in the nature of oil itseif, which ren- 
ders it necessary for the be:,; constructed lamps to be 
occasionally trimmed. This defect arises from a por- 
tion of mucilage which it is extremely difficult to se- 
parate from the oil, and which being a bad combus- 
tible gathers round the wick, and thus impedes its 
combustion, and consequently dims the light. 

Caroline. But will not oils burn without a wick ? 

Mrs. B. Not unless their temperature be elevated 
to 400°; the wick answers this purpose, as I think 
I once before explained to you. The oil rises between 
the fibres of the cotton by cappillary attraction, and 
the heat of the burning wick volatilizes it, and brings 
it successively to the temperature at which it is com- 
bustible. 

Emily. I suppose the explanation which you have 
given with regard to the necessity of trimming lamps 9 
applies- also to candles which so often require snuff- 
ing ? 

Mrs. B. I believe it does •, at least in some degree, 
But beside the circumstance just explained, the com- 
mon sorts of oils are not very combustible, so that 
the heat produced by a candle, which is a coarse kind 
of animal oil, being insufficient to volatilize them 
completely, a quantity of soot is gradually deposited, 
on the wick, which dims the light and retards the 
combustion. 

Caroline. Wax candles then contain no incombus- 
tible matter, since they do not require snuffing ? 

Mrs. B. Wax is a much better combustible than/. 
tallow, but still not perfectly so, since it likewise con- 
tains some particles that are unfit for burning; but. 
when these gather round the wick (which in a wax 
light is comparatively small), they weigh it down on 
a a 2. 
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one side, and fall off together with the burnt part of 
the wick. 

Caroline. As oils are such good combustibles, 
I wonder that they should require so great an 
elevation of temperature before they begin to burn. 
Mrs. B. Though fixed oils will not enter into 
actual combustion below the temperature of about 
400°, yet they will slowly absorb oxygen at the com- 
mon temperature of the atmosphere. Hence arises 
a variety of changes in oils which modify their pro- 
perties and uses in the arts. 

If oil simply absorbs, and combines with oxygen, 
it thickens and changes to a kind of wax. This 
change is observed to take place on the external parts 
of certain vegetables, even during their life. But it 
happens in many instances that the oil does not re- 
tain all the oxygen which it attracts, but that part of 
jt combines with, or burns the hydrogen of the oil, 
thus forming a quantity of water which gradually 
goes off by evaporation. In this case the alteration 
of the oil consists not only in the addition of a cer- 
tain quantity of oxygen, but in the diminution of the 
hydrogen. These oils are distinguished by the name 
of drying oils. Linseed, poppy, and nut-oils are of 
this description, 

Emily. I am well acquainted with drying oils, as 
J continually use them in painting. But I do not un- 
'erstand why the acquisition of oxygen on one hand, 
.nd loss of hydrogen on the other, should render 
them drying ? 

Mrs. B. This I conceive, may arise from two rea- 
sons ; either from the oxygen which is added being 
less favourable to the state of fluidity than the hy- 
drogen, which is subtracted ; or from this additional 
quantity of oxygen giving rise to new combinations, 
in consequence of which the most fluid parts of the 
oil are liberated and volatilized. 

For the purpose of painting, the drying quality of 
oil is farther increased by adding a quantity of oxyd 
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of lead to it, by which means it is more rapidly oxve- 
enated. * 3 }B 

The rancidity of oils is likewise owing to their ox- 
ygenation. In this case a new order of attraction 
takes place, from which a peculiar acid is formed, 
called the sebacic acid. 

Caroline. Since the nature and composition of oil 
is so well-known, pray could not oil be actually made, 
by combining its principles ? 

Mrs. B. That is by no means a necessary conse- 
quence ; for there are innumerable varieties of com- 
pound bodies which we can decompose, although 
we are unable to reunite their ingredients. This, 
however, is not the case with oil, as it has very late- 
ly been discovered, that it is possible to form oil, by 
a peculiar process, from the action of oxygenated 
muriatic acid gas on hydro-carbonate. 

We now pass to the volatile or essential oils. These 
form the basis of all the vegetable perfumes, and arc 
contained, more or less, in every part of the plant 
excepting the seed; they are, at least, never found 
in that part of the seed which contains the embrio 
plant. 

Emily. The smell of flowers then, proceeds from 
volatile oil ? 

Mrs. B. Certainly; but this oil is often most 
abundant in the rind of fruits, as in oranges, lemons, 
&c. from which it may be extracted by the slightest 
pressure ; it is found also in the leaves of plants, and 
even in the wood. 

Caroline. Is it not very plentiful in the leaves of 
mint, and of thyme, and all the sweet-smelling herbs ? 

Mrs. B. Yes, remarkably so ; and in geranium 
leaves also, which have a much more powerful odour 
than the flowers. 

The perfume of sandal fans is an instance of its ex- 
istence in wood. In short, all vegetable odours, or 
perfumes, are produced by the evaporation of parti- 
cles of these volatile oils. 



j. They are, I suppose, very light, and of ve- 
ry thin consistence, since they arc so volatile ? 

Mrs. B. They vary very much in this respect, 
some of them being as thick as butter, whilst others 
are as fluid as water. In order to be prepared for 
perfumes, or essences, these oils are first properly puri- 
fied, and then either distilled with alcohol, as is the 
case with lavender water, or simply mixed with a hrge 
proportion of water, as is often done with regard to 
peppermint. Frequently also, these odoriferous wa- 
ters are prepared merely by soaking the plants in wa- 
ter," and distilling. The water then comes over im- 
pregnated with the volatile oil. 

Caroline. Such waters are frequently used to take 
spots of grease out of cloth, or silk; how do they 
produce that effect ? 

Mrs. B. By combining with the substance that 
forms these stains j for volatile oils dissolve wax, tal- 
low, spermaceti, and resins; if therefore the spot 
proceeds from any of these substances it will re- 
move it. 

Insects of all kinds have a great aversion to per- 
fumes j so that volatile oils are employed with suc- 
cess in museums for the preservation of stuffed birds 
and other species of animals. 

Caroline. Pray does not the powerful smell of cam- 
phor proceed from a volatile oil ? 

Mrs. B. Camphor seems to be a substance of its 
own kind, remarkable by many peculiarities. But if 
not-exactly of the same nature as volatile oil, it is at 
least very analagous to it. It is obtained chiefly from 
the camphor tree, a species of laurel which grows in 
China, and the Indian isles, from the stem and roots of 
which it is extracted. Small quantities have also been 
distilled from thyme, sage, and other aromatic plants ; 
and it is deposited in pretty large quantities by some 
volatile oils after long standing. It is extremely vo- 
latile and inflammable. It is insoluble in water, but 
is soluble in oils, in which state, as well as in its so- 
lid form, it is frequently applied to medicinal purposes 
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Amongst the particular properties of camphor, there 
is one too singular to be passed over in silence. If 
you take a small piece of camphor, and place it on. 
the surface of a basin of pure water, it will immedi- 
ately begin to move round and round with great rapi- 
dity ; but if you pour into the bason a single drop of 
any odoriferous fluid, it will instantly put a stop to 
this motion. You can at any time try this very sim- 
ple experiment; but you must not expect that I shall 
be able to account for this phenomenon, as nothing 
satisfactory has yet been advanced for its explana- 
tion. 

Caroline. It is very singular indeed; and I will 
certainly try the experiment. Pray what are resins, 
which you just now mentioned ? 

Mrs. B. They are volatile oils, that have been 
•cted on, and peculiarly modified, by oxygen. 

Caroline. They are, therefore, oxygenated vola- 
tile oils. 

Mrs. B. Not exactly; for the process does not 
appear to consist so much in the oxygenation of 
the oil, as in the combustion of a portion of its hy- 
drogen, and a small portion of its carbone. For 
when resins are artificially made by the combination 
of volatile oils with oxygen, the vessel in which the 
process is performed is bedewed with water, and the 
air included within is loaded with carbonic acid. 

Emily. This process must be, in some respects, 
similar to that for preparing drying oils. 

Mrs. B. Yes ; and it is by this operation that 
both of them acquire a greater degree of consistence. 
Pitch, tar, and turpentine, are the most common re- 
sins ; they exude from the pine and fir trees. Copal, 
mastic, and frankincense, are also of this class of ve- 
getable substances. 

Emily. Is it of these resins that the mastic and co- 
pal varnishes, so much used in painting, are made ? 

Mrs. B. Yes. Dissolved either in oil or in alco- 
hol, resins form varnishes. From these solutions 
they may be precipitated by water, ia which they 



286 

are insoluble. This I can easily shew you. If you 
will pour some water into this glass of mastic var- 
nish, it will combine with the alcohol in which the 
resin is dissolved, and the latter will be precipitated 
in the form of a white cloud — 

Emily. It is so. And yet how is it that pictures 
or drawings, varnished with this solution, may safely 
be washed with water. 

Mrs. B. As the varnish dries, the alcohol evapo- 
rates, and the dry varnish or resin which remains, 
not being soluble in water, will not be acted on by it. 
There is a class of compound resins called gum re- 
sins, which are precisely what their name denotes, that 
is to say, resins combined with mucilage. Myrrh 
and assafcetida are of this description. 

Caroline. Is it possible that a substance of so disa- 
greeable a smell as assafcetida can be formed from a 
volatile oil ? 

Mrs. B. The odour of volatile oils is by no means 
always grateful. Onions and garlic derive their 
smell from volatile oils, as well as roses and lavender. 
There is still another form under which volatile 
oils present themselves, which is that of balsams. — 
These consist of resinous juices combined with a pe- 
culiar acid, called the benzoic acid. Balsams appear 
to have been originally volatile oils, the oxygenation 
of which has converted one part into a resin and the 
other part into an acid, which, combined together, 
form a balsam j such are the balsams of Peru, To- 
lu, &c. 

We shall now take leave of the oils and their va- 
rious modifications, and proceed to the next vegeta- 
I51e substance, which is caoutchouc. This is a white 
milky glutinous fluid, which acquires consistence, 
and blackens in drying, in which state it forms the 
substance with which you are so well acquainted, un- 
der the name of gum-clastic. 

Caroline. I am surprised to hear that gum-elastic 
was ever white, or ever fluid ! And from what ve- 
getable is it procured ? 
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Mrs. B. It is obtained from two or three different 
species of trees in the East Indies, and South Ame- 
rica, by making incisions in the stem. The juice is 
collected as it trickles from these incisions, and 
moulds of clay, in the form of little bottles of ? um- 
elastic, are dipped into it. A layer of this juice ad- 
heres to the clay and dries on it ; and several layers 
are successively added by repeating this till the bot- 
tle is of sufficient thickness. It is then beaten to 
break down the clay, which is easily shaken out.— 
1 he natives of the countries where this substance is 
produced, sometimes make shoes and boots of it by 
a similar process, and they are said to be extremely 
pleasant and serviceable, both from their elasticitv, 
and from their being water-proof. 

The substance which comes next in our enumera- 
tion of the immediate ingredients of vegetables, is 
cxtraBive matter. This is a term, which, in a gene- 
ral sense, may be applied to any substance extracted 
from vegetables ; but it is more particularly under- 
stood to relate to the extractive colouring matter of 
plants. A great variety of colours are prepared from 
the vegetable kingdom, both for the purposes of 
painting and of dying ; all the colours called lakes 
are of this description : but they are less durable than 
mineral colours, for, by long exposure to the atmos- 
phere, they either darken or turn yellow. 

Emily. I know that in painting the lakes are rec- 
koned far less durable colours than the ochres ; but 
what is the reason of it ? 

Mrs. B. The change which takes place in vege- 
table colours is owing chiefly to the oxygen of the 
atmosphere slowly burning their hydrogen, and 
leaving in some measure the blackness of the carbone 
exposed. Such a change cannot take place in ochre 
which is altogether a mineral substance. 

Vegetable colours have a stronger affinity for ani- 
mal than for vegetable substances, and this is sup- 
posed to be owing to a small quantity of nitrogen 
which they contain. Thus, silk and worsted will 
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take a much finer vegetable dye than linen and cot- 
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Caroline. Dyeing, then, is quite a ehymical process ? 

Mrs. B. Undoubtedly. The condition required 
to form a good dye is, that the colouring matter 
should be precipitated, or fixed, on the substance to 
be dyed, and should form a compound not soluble in 
the liquids to which it will probably be exposed. 
Thus, for instance, printed or dyed linens or cottons 
must be able to resist the action of soap and water, 
to which they must necessarily be subject in washing; 
and woolens and silks should withstand the action of 
grease and acids, to which they may accidentally be 
exposed. 

- Caroline^ But if linen and cotton have not a suffi- 
cient affinity for colouring matter, how are they 
made to resist the action of washing, which they al- 
ways do when they are well printed? 

Mrs. B When the substance to be dyed has either 
no affinity for the colouring matter, or not sufficient 
power to retain it, the combination is effected, or 
strengthened, by the intervention of a third substance, 
called a mordant, or basis. The mordant must have 
a strong affinity both for the colouring matter and 
the substance to be dyed, by which means it causes 
them to combine and adhere t^ether. 

Caroline. And what are the substances that per- 
form the office of thus reconciling the two adverse 
parties? 

Mrs. B. The most common mordant is sulphat of 
alumine, or alum. Oxyds of tin and iron, in the 
state of compound salts, are likewise used for that 
purpose. , 

Tannin is another vegetable ingredient of great im- 
portance in the arts. It is obtained chiefly from the 
bark of trees ; but it is found also in nut-galls, and 
in some other vegetables. 

Emily. Is that the substance commonly called tan 
which is used in hot-houses ? 
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. B. Tan is the prepared bark in which the 
peculiar substance, tannin, is contained. But the use 
of tan in hot-houses is of much less importance than 
in the operation of tannings by which skin is convert- 
"1 into leather. 

Emily. Pray, how is this operation performed? 

Airs. B. Various methods are employed for this 
purpose which all consist in exposing skin to the ac- 
tion of the tannin, or of substances containing this 
principle, in sufficient quantities and disposed to 
yield it to the skin. The most usual way is to infuse 
coarsely powdered oak bark in water, and to keep 
the skin immersed in this infusion for a certain length, 
of time. During this process, which is slow and 
gradual, the skin is found to have increased in weight, 
and to have acquired a considerable tenacity and im- 
permeability to water. This effect may be much ac- 
celerated by using strong saturations of the tanning 
principle (which can be extracted from bark), instead 
of employing the bark itself. But this quick mode 
of preparation does not appear to make equally good 
leather. 

Tannin is contained in a great variety of astrin- 
gent vegetable substances, as galls, the rose-tree, and 
wine ; but it is no where so plentiful as in bark. All 
these substances yield it to water, from which it may 
be precipitated by a solution of isinglass, or glue, 
with which it strongly unites and forms an insoluble 
compound. Hence its valuable property of com- 
bining with skin (which consists chisfly of glue), and 
of enabling it to resist the action of water. 

Emily. Might we not see that effect by pouring a 
little melted isinglass into a glass of wine, which you 
say contains tannin r 

Mrs. B. Yes. I have prepared a solution of isin- 
glass for that very purpose. — Do you observe the 
thick muddy precipitate? — That is the tannin com- 
bined with the isinglass. 

Caroline. This precipitate must then be of the 
same nature as leather f 
b b 
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Mrs. B. It is composed of the same ingredients ; 
but the organization and the texture of the skin 
being wanting, it has neither the consistence nor the 
tenacity of leather. 

Caroline. Ohe might suppose that men who drink 
large quantities of red wine, stand a chance of ha- 
ving the coats of their stomachs converted into lea- 
ther, since tannin has so strong an affinity for skin. 

Mrs. B. It is not impossible but that the coats of 
their stomachs may be, in some measure, tanned, or 
hardened by the constant use of this liquor ; but 
you must remember that where a number of other 
chymical agents are concerned, and, above all, where 
life exists, no certain chymical inference can be 
drawn. 

I must not dismiss this subject, without mention- 
ing a very recent discovery of Mr. Hatchett which 
relates to it. This gentleman found that a substance 
very similar to tannin, possessing all its leading pro- 
perties, and actually capable of tanning leather, may 
be produced by exposing carbone, or any substance 
containing carbonaceous matter, whether vegetable, 
animal, or mineral, to the action of nitric acid. 

Caroline. And is not this discovery very likely to 
be of great use to manufactures ? 

Mrs. B. That is very doubtful ; because tannin, 
thus artificially prepared, must probably always be 
more expensive than that which is obtained from bark. 
But the fact is extremely curious, as it affords one 
of those very rare instances of chymistry being able 
to imitate the proximate principles of organized bo- 
dies. 

The last of the vegetable materials is woody. fibre; 
it is the hardest part of plants. The chief source 
from which this substance is derived is wood, but it 
is also contained, more or less, in every solid part of 
the plant. It forms a kind of skeleton of the part to 
which it belongs, and retains its shape after all the 
other materials have disappeared. It consists chiefly 
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of carbone united with a small proportion of salts 
and the other constituents common to all vegetables. 

Emily. It is of woody fibre, then, that the common 
charcoal is made ? 

Mrs. B. Yes. Charcoal, as you may recollect, is 
obtained from wood, by the separation of all its eva- 
porable parts. 

Before we take leave of the vegetable materials, it 
will be proper, at least, to enumerate the several ve- 
getable acids which we either have had, or may have 
occasion to mention. I believe I have formerly toid 
you that their basis, or radical, was uniformly com- 
posed of hydrogen and carbone, and that their dif- 
ference consisted only in the various proprtions of 
oxygen which they contained. 

The following are the names of the vegetable 
acids : 

The Mucous Acid, obtained from gum, cr mucilage t 

Suberic - - - - from cork ; 

Camphoric - - - from camphor , 

Benzoic - - - - from balsams ; 

Gallic - - - - from galls, bark, &c. 

Malic - - - - from ripe fruits ; 

Citric - - - from lemon juice ; 

Oxalic - - - - from sorrel ; 

Succinic - - - - from amber j 

Tartarous - from tartrit of potash ; 

Acetic - - - - from vinegar. 

They are all decomposable by heat, soluble in wa- 
ter, and turn vegetable blue colours red. The suc- 
cinic, the tartarous, and the acetous acids, are the 
produces of the decomposition of vegetables ; we 
shall, therefore, reserve their examination for a fu- 
ture period. 

The oxalic acid, distilled from sorrel, is the highest 
term of vegetable acidification ; for, if more oxygen 
be added to it, it loses its vegetable nature, and is 
resolved into carbonic acid and water ; therefore, 
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though all the other acids may be converted into the 
oxalic by an addition of oxygen, the oxalic itself is 
not susceptible of a farther degree of oxygenation ; 
nor can it be made, by any chymical processes, to 
return to a state of lower acidification. 

To conclude this subject, I have only to add a few 
words on the gallic acid .... 

Caroline. Is not this the same acid before men- 
tioned, which forms ink, by precipitating sulphat of 
iron from its solution ? 

Mrs. B. Yes. Though it is usually extracted 
from galls, on account of its being most abundant in 
that vegetable substance, it may also be obtained 
from a great variety of plants. It constitutes what 
is called the astringent principle of vegetables -, it is 
generally combined with tannin, and you will find 
that an infusion of tea, coffee, bark, red wine, or 
any vegetable substance that contains the astringent 
principle, will make a black precipitate with a solu- 
tion of sulphat of iron. 

Caroline. But pray, what are galls ? 
Mrs. B. They are excresences which grow on the 
bark of young oaks, and are occasioned by an insert 
which wounds the bark of trees, and lays its eggs in 
the aperture. The lacerated vessels of the tree then 
discharge their contents, and form an excresence 
which affords a defensive covering for these eggs. — 
The insect, when come to life, first feeds on this ex- 
crescence, and some time afterwards eats its way 
out, as it appears from a hole found in all gall-nuts 
that no longer contain an insect. It is in hot cli- 
mates only that strongly astringent gall-nuts are 
found ; those which are used for the purpose of ma- 
king ink are brought from Aleppo. 

Emily. But are not the oak-apples which grow on 
the leaves of the oak in this country, of a similar 
nature ? 

Mrs. B. Yes ; only they are an inferior species of 
galls, containing less of the astringent principle, and 
therefore less applicable to useful purposes. 
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Caroline Are the vegetable acids never found 
but in their pure uncombined state ? 

Mrs. B. By no means ; on the contrary, they 
are frequently met within the state of compound salts; 
these, however, are in general not fully saturated 
with the salifiable bases, so that the acid predomi- 
nates and in this state they are called acidulous salts. 
Of this kind is the salt called cream of tartar. 

Caroline. Is not the salt of lemon commonly used 
to take out ink spots and stains, of this nature ? 

Airs. B. No ; that salt consists merely of the citric 
acid reduced to the state of crystals. 

Caroline. And pray how does it take out ink 
spots ? 

Airs. B. By decomposing the black precipitate, 
and rendering it soluble in water. But the display 
of attractions by which this is performed is, I believe, 
not exactly ascertained. 

Besides the vegetable materials which we have 
enumerated, a variety of other substances, common 
to the three kingdoms, are found in vegetables, such 
as potash, which was formerly supposed to belong 
exclusively to plants, and was in consequence called 
the vegetable alkali. 

•Sulphur, phosphorus, earths, and a variety of 
metallic oxyds, are also found in vegetables, but only 
in small quantities And we meet sometimes with 
neutral salts formed by the combination oi these in- 
gredients. 

Bb 2 
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CONVERSATION XVIII. 

On the decomposition of vegetables, 

Caroline. 

THE account which you have given us, Mrs. B. 
of the materials of vegetables, is, doubtless, very in- 
structive ; but it does not completely satisfy my curi- 
osity. I wish to know how plants obtain the princi- 
ples from which their various materials are formed j 
by what means these are converted into vegetable 
matter, and how they are connected with the life of 
the plant ? 

Mrs. B. This implies nothing less than a com- 
plete history of the chymistry and physiology of ve- 
getation, subjects on which we have yet but very im- 
perfect notions. Still I hope that I shall be able, in 
some measure, to satisfy your curiosity. But in order 
to render the subject more intelligible, I must first 
make you acquainted with the various changes which 
vegetables undergo, when the vital power no longer 
enables them to resist the common laws of chymical 
attraction. 

The composition of vegetables being more com- 
plicated than that of minerals, the former more rea- 
dily undergo chymical changes than the latter : for 
the greater the variety of attractions, the more easily 
is the equilibrium destroyed, and a new order of 
combinations introduced. 

Emily. I am surprised that vegetables should be so 
easily susceptible of decomposition ; for the preser- 
vation of the vegetable kingdom is certainly far more 
important than that of minerals. 
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Airs. B. You must consider, on the other hand? 
how much more easily the former is renewed than 
the latter. The decomposition of the vegetable takes 
place only after the death of the plant, which, in 
the common course of nature, happens when it has 
yielded fruit and seeds to propagate its species. If 
instead of thus finishing its career, each plant was to 
retain its form and vegetable state, it would become 
an useless burden to the earth and its inhabitants. — 
When vegetables, therefore, cease to be productive, 
they cease to live, and Nature then begins her pro- 
cess of decomposition, in order to dissolve them in- 
to their chymical constituents, hydrogen, carbone, 
and oxygen ; those simple and primitive ingredi- 
ents, which she keeps in store for all her combi- 
nations. 

Emily. But since no system of combination can 
be destroyed, except by the establishment of ano- 
ther order of attractions, how can the decomposi- 
tion of vegetables reduce them to their simple ele- 
ments ? 

Mrs. B. It is a very long process, during which 
a variety of new combinations are successively esta- 
blished and successively destroyed ; but, in each of 
these changes, the ingredients of vegetable matter 
tend to unite in a more simple order of compounds, 
till they are at length brought to their elementary 
state, or at least, to their most simple order of com- 
binations. Thus you will find that vegetables are in 
the end almost entirely reduced to water and carbo- 
nic acid ; the hydrogen and carbone dividing the 
oxygen between them, so as to form with it these 
two substances. But the variety of intermediate 
combinations that take place during the several sta- 
ges of the decomposition of vegetables, present us 
with a new set of compounds, well worthy of our 
examination. 

Caroline. How is it possible that vegetables, while 
putrefying, should produce any thing worthy of ob- 
servation ? 



296 

Mi-s.B. They are susceptible of undergoing cer- 
tain changes before they arrive at the state of putre- 
faction, which is the final term of decomposition ; 
and of these changes we avail ourselves for particular 
and important purposes. But, in order to make you 
understand this subject, which is of considerable im- 
portance, I must explain it more in detail. 

The decomposition of vegetables is always attend- 
ed by a violent internal motion, produced by the 
disunion of one order of particles, and the combina- 
tion of another. This is called fermentation 

There are several periods at which fermentation stops, 
so that a state of rest appears to be restored and the 
new order of compounds fairly established. But, 
unless means be used to secure these new combina- 
ions in their actual state, their duration will be but- 
transient, and a new fermentation will take place 
by which the compound last formed will be de- 
stroyed ; and another, and less complex order, will 
succeed. 

Emily. The fermentation, then, appears to be on- 
ly the successive steps by which a vegetable descends 
to its final dissolution. 

Mrs. B. Precisely so. • Your definition is per- 
fectly correct. 

Caroline. And how many fermentations, or new 
arrangements, does a vegetable undergo before it is 
reduced to its simple ingredients ? 

Mrs. B. Chymists do not exactly agree in this 
point ; but there are, I think, four distinct fermen- 
tations, or periods, at which the decomposition of 
vegetable matter stops and changes its course. But 
every kind of vegetable matter is not equally sus- 
ceptible of undergoing all these fermentations. 

There are likewise several circumstances required 
to produce fermentation. Water, and a certain de- 
gree of heat are both essential to this process, in or- 
der to separate the particles, and thus weaken their 
force of cohesion, that the new chymical affinities 
may be brought into action. 
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Caroline. In frozen climates, then, hour can the 

spontaneous decomposition of vegetables take place? 

Mrs. B. It certainly cannot ; and, accordingly, 

we find scarcely any vestiges of vegetation where a 

constant frost prevails. 

Caroline. One would imagine that, on the contra- 
ry, such spots would be covered with vegetables ; 
for, since they cannot be decomposed, their num- 
bers must always increase. 

Mrs. B. But, my dear, heat and water are quite 
as essential to the formation of vegetables as they 
are to their decomposition. Besides, it is from the 
dead vegetables reduced to their elementary princi- 
ples, that the rising generation is supplied with sus- 
tenance. No young plant, therefore, can grow, un- 
less its predecessors contribute both to its formation 
and support ; and these not only furnish the seed 
from winch the new plant springs, but likewise the 
food by which it is nourished. 

Caroline. Under the torrid zone, therefore, where 
water is never frozen, and the heat is very great, 
both the processes of vegetation and fermentation 
must, I suppose, be extremely rapid ? 

Mrs. B. Not so much as you imagine ; for in 
such climates great part of the water which is re- 
quisite for these processes is in an aeriform state, 
which is scarcely more conducive either to the 
growth or formation of vegetable's than that of ice. 
In those latitudes, therefore, it is only in low damp 
^tuations, sheltered by woods from the sun's rays, 
that the smaller tribes of vegetables can grow and 
thrive during the dry season/ as dead vegetables sel- 
dom retain water enough to produce fermentation, 
but are, on the contrary, soon dried up by the heat of 
the sun, which enables them to resist that process ; so 
that it is not till the fall of the autumnal rains (which 
arc very violent in such climates), that spontaneous 
fermentation can take place. 

The several fermentations derive their names from 
their principal produces. The first is called the sac- 
charine fermentation^ because its product is sugar. 
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Caroline. But sugar, you have told us, is found in 
all vegetables ; it cannot, therefore, be the product 
of their decomposition. 

Mrs. B. It is true that this fermentation is not 
confined to the decomposition of vegetables, as it 
continually takes place during their life ; and indeed 
this circumstance has, till lately prevented it from 
being considered as one of the fermentations. But 
the process appears so analogous to the other fermen- 
tations, and the formation of sugar, whether in 
living or dead vegetable matter, is so evidently a new- 
compound, proceeding from the destruction of the 
previous order of combinations, and essential to the 
subsequent fermentations, that it is now esteemed 
the first step, or necessary preliminary, to decom- 
position, if not an actual commencement of that 
process. 

Caroline. I recollect your hinting to us that sugar 
was supposed not to be secreted from the sap, in the 
same manner as mucilage, fecula, oil, and the other 
ingredients of vegetables. 

Mrs. B. It is rather from these materials, than 
from the sap itself, that sugar is formed ; and it is de- 
veloped at particular periods, as you may observe in 
fruits, which become sweet in ripening, sometimes 
even after they have been gathered. Life, therfore, 
is not essential to the formation of sugar, whilst, on 
the contrary, mucilage, fecula, and the other vege- 
table materials that are secreted from the sap by ap- 
propriate organs, whose powers immediately depend 
on the vital principle, cannot be produced but du- 
ring the existence of that principle. 

Emily. The ripening of fruits is, then, their first 
ctep to destruction, as well as their last towards per- 
fection ? 

Mrs. B. Exactly. — The saccharine fermentation 
frequently takes place also during the cooking of ve- 
getables. This is the case with parsnips, carrots, 
potatoes, &c. in which, sweetness is developed by 
heat and moisture j and we know that if we carried 
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the process a little farther, a more complete decom- 
position would ensue. The same process takes place 
also in seeds previous to their sprouting. 

Proline How do you reconcile this to your theo- 
ry, Mrs. B. ? Can you suppose that a decomposition 
is the necessary precursor of life ? 

Mrs. B. That is indeed the case. The mate- 
rials of the seed must be decomposed, and the seed 
disorganized, before a plant can sprout from it — 
Seeds, besides the embryo plant, contain (as we have 
already observed), fecula, oil, and a little mucilage. 
Ihese substances are destined for the nourishment 
of the future plant ; but they must undergo some 
change before they can be fit for this function. The 
seeds, when buried in the earth, with a certain del 
greeofmoisture and of temperature, absorb water, 
which dilates them, separates their particles, and in- 
troduces a new order of attraftions, of which sugar 
is the product. The substance of the seed is thV 
*Oitened, sweetened, and converted into a sort of 
white milky pulp, fit for the nourishment of th- 
embryo plant. 

The saccharine fermentation of seeds is artificially 
produced, for the purpose of making malt, by the 
following process: A quantity of barley is first soaked 
n water for two or three days ; the water being af- 
terwards drained off, the grain heats spontaneously 
swells, bursts, sweetens, shews a disposition to ger- 
minate, and would aaually sprout, if the process 
was not stopped by putting it into a kiln, where it is 
well dried, at a gentle heat. In this state it is crisp 
and friable, and constitutes the substance called malt 
which is the principal ingredient of beer. 

Emily. But I hope you will tell us how malt is 
made into beer ? 

Mrs. B. Certainly •, but I must first explain to 
you the nature of the second fermentation, which is 
essential to that operation. This is called the vinous 
fermentation, because its product is wine. 



300 

Emily. How very different the decomposition of 
vegetables is from what I had imagined. The pro- 
duels of their disorganization appear almost superior 
to those which they yield during their state of life 
and perfection. 

Mrs. B. And do you not at the same time, ad- 
mire the beautiful economy of Nature, which, whe- 
ther she creates, or whether she destroys, directs all 
her operations to some useful and benevolent purpose? 
It appears that the saccharine fermentation is essen- 
tial, as a previous step, to the vinous fermentation ; 
so that if sugar be not developed during the life of 
the plant, the saccharine fermentation must be artifi- 
cially produced before the vinous fermentation can 
take place. This is the case with barley, which does 
not yield any sugar until it is made into malt ; and 
it is in that state only that it is susceptible of under- 
going the vinous fermentation by which it is convert- 
ed into beer. 

Caroline. But if the product of the vinous fermen- 
tation is always wine, beer cannot have undergone 
that process ; for beer is certainly not wine. 

Mrs. B. Chymically speaking, beer may be con- 
sidered as the wine of grain. For it is the product 
of the fermentation of malt, just as wine is that of 
the fermentation of grapes, or other fruits. 

The consequence of the vinous fermentation is the 
decomposition of the saccjiarine matter, and the 
formation of a spirituous liquor from the constitu- 
ents of the sugar. But, in order to promote this fer- 
mentation, not only water and a certain degree of 
heat are necessary, but also some other vegetable in- 
gredients, besides the sugar, as fecula, mucilage, 
acids, salts, extractive matter, &c. all of which seem 
to contribute to this process. 

Emily. It is, perhaps, for this reason, that wine 
is not obtained from the fermentation of pure sugar; 
but that fruits are chosen for that purpose, as they 
contain not only sugar, but likewise the other vege- 
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table ingredients which are requisite to promote the 
vinous fermentation. 

Mrs. B. Certainly. And you must observe also, 
that the relative quantity of sugar is not the only 
circumstance to be considered in the choice of vege- 
table juices for the formation of wine ; otherwise 
the sugar-cane would be best adapted for that pur- 
pose. It is rather the manner and proportion in 
which the sugar is mixed with other vegetable in- 
gredients that influences the production and qualities 
of wine. And it is found that the juice of the grape 
not only yields the most considerable proportion of 
wine, but that it likwise affords it of the most grate- 
ful flavour. 

Emily. I have seen a vintage in Switzerland, and 
I do not recollect that heat was applied, or water 
added, to produce the fermentation of the grapes 

Airs. B. The common temperature of the at- 
mosphere, in the cellars in which the juice of the 
grape is fermented, is sufficiently warm for this pur- 
pose ; and, as the juice contains an ample supply of 
water, there is no occasion for any addition of it. — 
But when fermentation is produced in dry malt, a 
quantity of water must necessarily be added. 

Emily* But what are precisely the changes that 
happen during the vinous fermentation ? 

Mrs. B. The sugar is decomposed, and its con- 
stituents are recombined into two new substances ; 
the one a peculiar liquid substance, called alcohol or 
spirit ofivine, which remains in the fluid ; the other, 
carbonic acid gas, which escapes during the fermen- 
tation. Wine, therefore, in a general point of view, 
may be considered as a liquid of which alcohol con- 
stitutes the essential part. And the varieties of 
strength and flavour of the different kinds of wine 
are to be attributed to the different qualities of the 
fruits from which they are obtained, independently 
of the sugar, without which no wine can be pro- 
duced. 

c c 
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Caroline. I am astonished to hear that so power- 
ful a liquid as spirits of wine should be obtained from 
so mild a substance as sugar ! 

Mrs. B. Can you tell me in what the principal 
difference consists between alcohol and sugar ? 

Caroline. Let me reflect .... Sugar consists of 
carbone, hydrogen, and oxygen. If carbonic acid 
be subtracted from it, during the formation of alco- 
hol, the latter will contain less carbone and oxygen 
than sugar does ; therefore hydrogen must be the 
prevailing principle of alcohol. 

Mrs. B. It is exactly so. And this very large 
proportion of hydrogen accounts for the lightness 
and combustible property of alcohol, and of spirits 
in general, all of which consist of alcohol variously 
modified. 

Emily. And can sugar be recomposed from the 
combination of alcohol and carbonic acid ? 

Mrs. B. Chymists have never been able to suc- 
ceed in effecting this •, but from analogy, I should 
suppose such a recomposition possible. Let us now 
observe more particularly the phenomena that take 
place during the vinous fermentation. At the com- 
mencement of this process, heat is evolved, and the 
liquor swells considerably from the formation of the 
carbonic acid, which is disengaged in such prodigious 
quantities as to be often very prejudicial to the vin- 
tagers. If the fermentation be stopped by putting 
the liquor into barrels, before the whole of the car- 
bonic acid is evolved, the wine is brisk, like Cham- 
pagne, from the carbonic acid imprisoned in it, 
and it tastes sweet like cider, from the sugar not 
being completely decomposed. 

Emily. But I do. not understand why heat should 
be evolved during this operation. For, as there is a 
considerable formation of gas, in which a proportion- 
able quantity of heat must become insensible, I 
should have imagined that cold, rather than heat, 
would have been produced. 
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Mrs. B. It appears so on first consideration ; 
but you must recollect that fermentation is a compli- 
cated chymical process ; and that, during the decom- 
positions and recompositions attending it, a quantity 
of chymical heat may be disengaged, sufficient both 
to develope the gas, and to effect an increase of tem- 
perature. When the fermentation is completed, the 
liquid cools and subsides, the effervescence ceases, 
and the thick, sweet, sticky juice of the fruit is con- 
verted into a clear transparent spirituous liquor called 
wine. 

Emily. How much I regret not having been ac- 
quainted with the nature of the vinous fermentation, 
when I had an opportunity of seeing the process ! 

Mrs. B. You have an easy method of satisfying 
yourself in that respect by observing the process of 
brewing, which, in every essential circumstance, is 
similar to that of making wine, and is really a very 
curious chymical operation. 

Although I cannot perform the experiment of ma- 
king wine, it will be easy to shew you the mode of 
analyzing it. This is done by distillation. When 
wine of any kind is submitted to this operation, it 
is found to contain brandy, water, tartar, extractive 
colouring matter, and some vegetable acids. I have 
put a little port wine into this glass alembic {Plate X. 
Fig. 23.) and on placing the lamp under it, you will 

soon see these products successively come over 

Emily. But you do not mention alcohol amongst 
the products of the distillation of wine ; and yet that 
is its most essential ingredient. 

Mrs. B. The alcohol is contained in the brandy 
which is now coming over, and dropping from the 

PLATE X. 

Fig. 23. A. Alembic. B. Lamp. C. Wine glass. 

Fig. 24. Alcohol blowpipe. D. The Lamp. E. The 
vessel in which the alcohol is boiling. F. A safety valve. 
G. The inflamed jet or stream of alcohol directed towards a 
glass tube H. 
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still. Brandy is nothing more than a mixture of al- 
cohol and water ; and in order to obtain the alcohol 
pure, we must again distil it from brandy. 

Caroline. I have just taken a drop on my finger •, 
it tastes like strong brandy, but it is without colour, 
whilst brandy is of a deep yellow. 

Mrs. B. It is not so naturally ; in its pure state 
brandy is colourless, and it obtains the yellow tint 
you observe by extracting the colouring matter from 
the new oaken casks in which it is kept. But if it 
does not acquire the usual tinge in this way, it is the 
custom to colour the brandy used in this country ar- 
tificially, in order to give it the appearance of having 
been long kept. 

Caroline. And is rum also distilled from wine ? 

Mrs. B. By no means ; it is distilled from the su- 
gar-cane, a plant which contains so great a quantity 
of sugar, that it yields more alcohol than almost any 
other vegetable. Previous to the distillation of the 
spirit, the sugar-cane is made to undergo the vinous 
fermentation, which the other ingredients of the 
plantacire just sufficient to promote. 

The spirituous liquor called aracky is in a similar 
manner distilled from the product of the vinous fer- 
mentation of rice. 

Emily. But rice has no sweetness ; does it contain 
any sugar ? 

Mrs. B. Like barley and most other seeds, it is 
insipid until it has undergone the saccharine fermen- 
tation ; and this, you must recollect, is always a pre- 
vious step to the vinous fermentation in those vege- 
tables in which sugar is not already formed. Brandy 
may in the same manner be obtained from malt. 

Caroline. You mean from beer, I suppose ; for the 
malt must have previously undergone the vinous fer- 
mentation. 

Mrs. B. Beer is not precisely the product of the 
vinous fermentation of malt. For hops are a necessa- 
ry ingredient for the formation of that liquor ; whilst 
brandy is distilled from pure fermented malt. But 
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brandy might, no doubt, be distilled from beer as 
well as from any other liquor that has undergone the 
vinous fermentation ; for since the basis of brandy is 
alcohol, it may be obtained from any liquid that 
contains- that spirituous substance. 

Emily. And pray, from what vegetable is the fa- 
vourite spirit of the lower orders of people, gin, ex- 
tracted ? 

Mrs. B. The spirit (which is the same in all fer- 
mented liquors) may be obtained from any kind of 
grain ; but the peculiar flavour which distinguishes 
gin, is that of juniper berries, which are distilled to- 
gether with the grain— 

I think the brandy contained in the wine which 
we are distilling, must, by this time, be all come 
over. Yes — taste the fluid that is now dropping 
from the alembic — 

Caroline. It is perfectly insipid, like water. 
Mrs. B. It is water, which, as I was telling you, 
is the second product of wine, and comes over after 
all the spirit, which is the lightest part, is distilled. 
The tartar and extractive colouring matter we shall 
iind in a solid form at the bottom of the alembic. 
Emily. They look very like the lees of wine. 
Mrs. B. And in many respects they are of a simi- 
lar nature ; for lees of wine consist chiefly of tartrit 
of potash, a salt which exists in the juice of the 
grape, and in many other vegetables, and is deve- 
loped only by the vinous fermentation.- During this 
operation it is precipitated, and deposites itself on 
the internal surface of the cask in which the wine is 
contained. It is much used in medicine, under the 
name of cream of tartar, and it is from this salt that 
the tartarous acid is obtained. 

Caroline. But the medicinal cream of tartar is in 
appearance quite different from these dark coloured 
dregs ; it is perfectly colourless. 

Mrs. B. Because it consists of the pure salts only s 
in its crystallized form ; whilst in the instance- before 
cc2 



306 

us it is mixed with the deep-coloured extractive mat- 
ter and other foreign ingredients. 

Emily. Pray cannot we now obtain pure alcohol 
from the brandy which we have distilled ? 

Mrs. B. We might : but the process would be 
tedious : for in order to obtain alcohol perfectly free 
from water, it is necessary to distil, or, as the distil- 
lers call it, reElify it several times. You must there- 
fore allow me to produce a bottle of alcohol that has 
been thus purified. This is a very important ingre- 
dient, which has many striking properties, besides 
its forming the basis of all spirituous liquors. 

Emily. It is alcohol, I suppose, that produces in- 
toxication ? 

Mrs. B. Certainly ; but the stimulus and mo- 
mentary energy it gives to the system, and the in- 
toxication it occasions when taken in excess, are cir- 
cumstances not yet accounted for. 

Caroline. I thought that it produced these effects 
by increasing the rapidity of the circulation of the 
blood •, for drinking wine or spirits, I have heard al- 
ways quickens the pulse. 

Airs. B. No doubt •, the spirit by stimulating the 
nerves, increases the action of the muscles ; and the 
heart, which is one of the strongest muscular organs, 
beats with augmented vigour and propels the blood 
with accelerated quickness. After such strong ex- 
citation the frame naturally suffers a proportional 
degree of depression, so that a state of debility and 
languor are the invariable consequences of intoxica- 
tion. But though these circumstances are well as- 
certained, they are far from explaining why alcohol 
should produce such effects. 

Emily. Liqueurs are the only kind of spirits which 
I think pleasant. Pray of what do they consist ? 

Mrs. B. They are composed of alcohol, sweetened 
with svrup, and flavoured with volatile oil. 

The different kinds of odoriferous spirituous wa- 
ters are likewise solutions of volatile oil in alcohol, as 
lavender water, eau de Cologne, &e. 
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The chymical properties of alcohol are Important 
and numerous. It is one of the most powerful chv- 
mical agents, and is particularly useful in dissolving 
a variety of substances which are soluble neither by 
water nor heat. 

Emily. We have seen it dissolve copal and mastic 
to form varnishes ; and these resins are certainly not 
soluble in water, since water precipitates them from 
their solution in alcohol. 

Mrs. B. I am happy to find that you recollect these 
circumstances so well. The same experiment affords 
also an instance of another property of alcohol, its ten- 
dency to unite with water; for the resin is precipita- 
ted in consequence of losing the alcohol, which aban- 
dons it from its preference for water. We do not, 
however, consider the union of alcohol and water, as 
the effect of chymical combination, but rather as a 
simple solution, similar to that of sulphuric acid and 
water ; it is attended also, as you may recollect, with 
the same peculiar circumstance of a disengagement 
of heat and consequent diminution of bulk, which 
we have supposed to be produced by a mechanical 
penetration of particles by which latent heat is forced 
out. 

Alcohol unites thus readily not only with resins 
and with water, but with oils and balsams; these 
compounds form the extensive class of elixirs, tinc- 
tures, quintessences, &c. 

Emily. I suppose that alcohol must be highly 
combustible, since it contains so large a proportion 
of hydrogen ? 

Airs. B. Extremely so ; and it will burn at a 
very moderate temperature. 

Caroline. I have often seen both brandy and spirit 
of wine burnt ; they produce a great deal of flame, 
but not a proportional quantity of heat, and no smoke 
whatever. 

Mrs. B. The last circumstance arises from their 
combustion being complete . and the disproportion 
between the flame and heat shows you that these are 
by no means synonimous. 



The great quantity of flame proceeds from the 
combustion of the hydrogen, to which, you know, 
that manner of burning is peculiar. — Have you not 
remarked also, that brandy and alcohol will burn 
without a wick ? — They take fire at so low a tempe- 
rature, that this assistance is not required to concen- 
trate the heat and volatilize the fluid. 

Caroline. I have sometimes seen brandy burnt by 
merely heating it in a spoon. 

Mrs. B. The rapidity of the combustion of alco- 
hol may, however, be prodigiously increased by vo- 
latilizing it. An ingenious instrument has been con- 
structed on this principle to answer the purpose of a 
blow-pipe, which may be used for melting glass or 
other chymical purposes. It consists of a small me- 
tallic vessel {Plate X. Fig. 24a* p. 303.) of a sphe- 
rical shape, which contains the alcohol, and is heat- 
ed by the lamp beneath it ; as soon as the alcohol is 
volatilized, it passes through the spout of the vessel, 
and issues just above the wick of the lamp, which 
immediately sets fire to the stream of vapour, as I 
shall shew you — 

Emily. With what amazing violence it burns ! 
The flame of alcohol in the state of vapour, is, I 
fancy, much hotter than when the spirit is merely 
burnt in a spoon ? 

Mrs. B. Yes ; because in this way the combusti- 
on goes on much quicker, and, of course, the heat 
is proportionally increased. — Observe its effect on 
this small glass tube, the middle of which I present 
to the extremity of the flame, where the heat is 
greatest. 

Caroline. The glass, in that spot, is become red 
hot, and bends from its own weight. 

Mrs. B. I have now drawn it asunder, and am 
going to blow a ball at one of the heated ends ; but 
I must previously close it up, and flatten it with a 
little metallic instrument, otherwise the breath would 
pass through the tube without dilating any part of it. 
Now, Caroline) will you blow strongly into the tube 
whilst the closed end is red hot ? 
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Emily. You blowed too hard ; for the ball sud- 
denly dilated to a great size, and then burst in 
pieces. 

Mrs. B. You will be more expert another time ; 
but I must caution you, should you ever use this 
blow-pipe, to be very careful that the combustion of 
the alcohol does not go on with too great violence, 
for I have seen the flame sometimes dart out with 
such forceps to reach the opposite wall of the room, 
and set the paint on fire. There is, however, no 
danger of the vessel bursting, as it is provided with 
a safety tube, which affords an additional vent for 
the vapour of alcohol when required. 

The products of the combustion of alcohol consist 
in a great proportion of water, and a small quantity 
of carbonic acid. There is no smoke or fixed re- 
mains whatever. How do you account for that, 
Emily ? 

Emily. I suppose that the oxygen which the al- 
cohol absorbs in burning, converts its hydrogen into 
water, and its carbone into carbonic acid gas \ and 
thus it is completely consumed. 

Mrs. B. Very well. — Ether, the lightest of all 
fluids, and with which you are well acquainted, is 
obtained from alcohol, of which it forms the lightest 
and most volatile part. 

Emily. Ether, then, is to alcohol, what alcohol is 
to brandy ? 

Mrs. B. No : there is an essential difference. In 
order to obtain alcohol from brandy, you need only 
deprive the latter of its water ; but for the formation 
of ether, the alcohol must be decomposed, and one 
of its constituents partly subtracted. I leave you to 
guess which of them it is — 

Emily. It cannot be hydrogen, as ether is more 
volatile than alcohol, and hydrogen is the lightest of 
all its ingredients : nor do I suppose that it can be 
oxygen, as alcohol contains so small a proportion of 
that principle j it is, therefore, most probably car- 
bone, a diminution of which would not fail to ren- 
der the new compound more volatile. 
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Mrs. B. You are perfectly right. The formation 
of ether consists simply in subtracting from the alco- 
hol a certain proportion of carbone ; this is effected 
by the action of the sulphuric, nitric, or muriatic a- 
cids on alcohol. The acid and carbone remain at th? 
bottom of the vessel, whilst the decarbonized alco- 
hol flies off in the form of a condensable vapour, 
which is ether. 

Ether is the most inflammable of all fluids, and 
burns at so low a temperature that the heat evolved 
during its combustion is more than is required for 
its support, so that a quantity of ether is volatilized, 
which takes fire, and gradually increases the vio- 
lence of the combustion. 

This spirituous fluid is so light that it evaporates 
at the common temperature of the atmosphere, it is 
therefore necessary to keep it confined by a well 
ground glass stopper. No degree of cold known has 
ever frozen it. 

Caroline. Is it not often taken medicinally ? 

Mrs. B. Yes ; it is one of the most effectual an- 
tispasmodic medicines, and the quickness of its ef- 
fects, as such, probably depends on its being instantly 
converted into vapour by the heat of the stomach, 
through the intervention of which it acts on the ner- 
vous system. But the frequent use of ether, like 
that of spirituous liquors, becomes prejudicial, and, if 
taken to excess, it produces effects similar to those 
of intoxication. 

We may now take our leave of the vinous fer- 
mentation, of which I hope, you have acquired a 
clear idea ; as well as of the several products that 
are derived from it. 

Caroline. Though this process appears, at first 
sight, so much complicated, it may, I think, be 
summed up in few words, as it consists simply in the 
conversion of sugar into alcohol and carbonic acid, 
which gives rise both to the formation of wine, and 
of all kinds o£ spirituous liquors. 
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Mrs. B. We shall now proceed to the acetous 
fermentation, which is thus called, because it converts 
wine into vinegar, by the formation of the ace- 
tous acid, which is the basis or radiealof vinegar. 

Caroline. But is not the acidifying principle of 
the acetous acid the same as that of all other acids, 
oxygen ? 

Mrs. B. Certainly ; and on that account the con- 
tact of air is essential to this fermentation, as it 
affords the necessary supply of oxygen. Vinegar, 
in order to obtain pure acetous acid from it, must 
be distilled and rectified by certain processes ; and 
the more frequently this operation is repeated, the 
more perfect the acid will be. 

Emily. But pray, Mrs. B. is not the acetous acid 
frequently formed without this fermentation taking 
place ? Is it not, for instance, contained in acid. 
fruits, and in every substance that becomes sour ? 

Mrs. B. No, not in fruits; you confound it with 
the citric, the malic, the oxalic, and other vegetable 
acids, to which living vegetables owe their acidity. 
But whenever a vegetable substance turns sour, after 
it has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in which the 
substance advances a step towards its final decompo- 
sition. 

Amongst the various instances of acetous fermenta- 
tion, that of bread is usually classed. 

Caroline. But the fermentation of bread is pro- 
duced by yeast ; how does that effect it ? 

Airs. B. It is found by experience that any sub- 
stance that has already undergone a fermentation, 
will readily excite it in one that is susceptible of that 
process. If, for instance, you mix a little vinegar 
with wine that is intended to be acidified, it will ab- 
sorb oxygen more rapidly, and the process be com- 
pleted much sooner than if left to ferment sponta- 
neously. Thus, yeast, which is a product of the 
fermentation of beer, is used to excite and accelerate 
the fermentation of malt, which is to be converted in- 
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to beer, as well as that of paste that is to be made 
into bread. 

Caroline. But if bread undergoes the acetous fer- 
mentation, why is it not sour ? 

Mrs. B. It acquires a certain savour which cor- 
rects the heavy insipidity of flour and may be rec- 
koned a first degree of acidification ; for if the pro- 
cess was carried farther, the bread would become 
decidedly acid. 

There are, however, some chymists who do not 
consider the fermentation of bread as being of the 
acetous kind, but suppose that it is a process of fer- 
mentation peculiar to that substance. 

The putrid fermentation is the final operation of 
Nature, and her last step towards reducing organi- 
zed bodies to their simplest combinations. All vege- 
tables spontaneously undergo this fermentation after 
death, provided there be a sufficient degree of heat 
and moisture, together with access of air ; for it is 
well known that dead plants may be preserved by 
drying, or by the total exclusion of air. 

Caroline. But do dead plants undergo the other 
fermentations previous to this last ; or do they im- 
mediately suffer the putrid fermentation ? 

Mrs. B. That depends on a variety of circum- 
stances, such as the degrees of temperature and of 
moisture, the nature of the plant itself, &c. But, 
if you were carefully to follow and examine the de- 
composition of plants from their death to their final 
dissolution, you would generally find a sweetness 
developed in the seeds, and a spirituous flavour in 
the fruits, (which have undergone the saccharine 
fermentation), previous to the total disorganization 
and separation of the parts. 

Emily. I have sometimes remarked a kind of spi- 
rituous taste in fruits that were over ripe, especi- 
ally oranges ; and this was just before they became 
rotten. 

Mrs. B. It was then the vinous fermentation 
which had succeeded the saccharine, and had you 
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followed up these changes attentively, you would 
probably have found the spirituous taste followed by 
acidity, previous to the fruit passing to the state of 
putrefaction. 

When the leaves fall from the trees in autumn, 
they do not (if there is no great moisture in the at- 
mosphere) immediately undergo a decomposition, but 
are first dried and withered ; as soon, however, as 
the rain sets in, fermentation commences, their ga- 
seous products are imperceptibly evolved into the at- 
mosphere, and their fixed remains mixed with their 
kindred earth. 

Wood, when exposed to moisture, also undergoes 
the putrid fermentation and becomes rotten. 

Emily. But I have heard that the dry rot, which is 
so liable to destroy the beams of houses, is prevented 
by a current of air ; and yet you said that air was es- 
sential to the putrid fermentation ? 

Mrs. B. True ; but it must not be in such a pro- 
portion to the moisture as to dissolve the latter, and 
this is generally the case when the rotting of wood is 
prevented or stopped by the free access of air. — 
What is commonly dry rot, however, is not, I believe, 
a true process of putrefaction. It is supposed to de- 
pend on a peculiar kind of vegetation, which, by 
feeding on the wood, gradually destroys it. 

Straw and all other kinds of vegetable matter un- 
dergo the putrid fermentation much more rapidly 
when mixed with animal matter. Much heat is 
evolved during this process, and a variety of volatile 
products are disengaged, as carbonic acid and hydro- 
gen gas, the latter of which is frequently either sul- 
phurated or phosphorated. When all these gasses 
have been evolved, the fixed products, consisting of 
carbone, salts, potash, &c. form a kind of vegetable 
earth, which makes very fine manure, as it is com- 
posed of those elements which form the immediate 
materials of plants. 

Caroline. Pray are not vegetables sometimes pre- 
served from decomposition by petrifaction ? I hare 
d d 
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seen very curious specimens of petrified vegetables, 
in which state they perfectly preserve their form and 
organization, though in appearance they are changed 
to stone. 

Mrs. B. That is a kind of metamorphosis, 
which, now that you are tolerably well versed in 
history of mineral and vegetable substances, I leave 
to your judgment to explain. Do you imagine that 
vegetables can be converted into stone ? 

Emily. No certainly, but they might perhaps 
be changed to a substance in appearance resembling 
stone. 

Mrs, B. It is not so, however, with the substan- 
ces that are called petrified vegetables ; for these are 
really stone, and generally of the hardest kind, con- 
sisting chiefly of silex. The case is this : when a ve- 
getable is buried under water, or in wet earth, it is 
slowly and gradually decomposed. As each succes- 
sive particle of the vegetable is destroyed, its place is 
supplied by a particle of silicious earth, conveyed thi- 
ther by the water. In the course of time the vegeta- 
ble is entirely destroyed, but the silex has completely 
replaced it, having assumed its form and apparent 
texture, as if the vegetable itself were changed to 
stone. 

Caroline. That is very curious ! and I suppose 
that petrified animal substances are of the same na- 
ture ? 

Mrs. B. Precisely. It is equally impossible* for 
either animal or vegetable substances to be converted 
into stone. They may be reduced, as we find they 
are, by decomposition, to their consituent elements, 
but cannot be changed to elements, which do not 
enter into their composition. 

There are, however, circumstances which frequent- 
ly prevent the regular and final decomposition of ve- 
getables ; as, for instance, when they are buried either 
in the sea, or in the earth, where they cannot under- 
go the putrid fermentation for want of air. In these 
cases they are subject to a peculiar change, by which 
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they are converted into a new class of compounds, 
called bitumens. 

Caroline. These are substances I never heard of 
before. 

Mrs. B. You will find, however, that some of 
them are very familiar to you. Bitumens are vege- 
tables so far decomposed as to retain no organic ap- 
pearance ; but their origin is easily detected by their 
oily nature, their combustibility, the products of their 
analysis, and the impressions of the forms of leaves, 
grains fibres of wood, and even of animals, which 
they frequently bear. 

They are sometimes of an oily liquid consistence, 
as the substance called naphtha, which is a fine trans- 
parent colourless fluid, that issues out of clays in some 
parts of Persia. But more frequently they are solid, 
as asphaltum, a smooth hard brittle substance, which 
easily melts, and forms, in its liquid state, a beautiful 
dark brown colour for oil painting. Jet, which is 
of a still harder texture, is a peculiar bitumen, sus- 
ceptible of so fine a polish that it is used for many or- 
namental purposes. 

Coal is also a bituminous substance, to the com- 
position of which both the mineral and animal king- 
doms seem to concur. This most useful mineral ap- 
pears to consist chiefly of vegetable matter, mixed 
with remains of marine animals and marine salts, and 
occasionally containing a quantity of sulphuret of iron, 
commonly called pyrites. 

Emily. It is, I suppose, the earthy, the metallic, 
and the saline parts of coals, that compose the cin- 
ders or fixed products of their combustion ; whilst 
the hydrogen and the carbone, which they derive 
from vegetables, constitute their volatile products. 

Caroline. Pray is not coak (which I have heard is 
much used in some manufactures) also a bituminous 
substance ? 

Mrs. B. It is a kind of fuel artificially prepared 
from coals. It consists of coals reduced to a sub- 
stance analogous to charcoal, by the evaporation of 
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their volatile parts. Coak, therefore, is composed of 
carbone, with some earthy and saline ingredients. 

Sucrbi, or yellow amber, is a bitumen which the an- 
cients called eleclrum, from whence the word elec- 
tricity is derived, as that substance is peculiarly, and 
was once supposed to be exclusively electric. It is 
found either deeply buried in the bowels of the earth, 
or floating on the sea, and is supposed to be a resi- 
nous body which has been acted on by sulphuric 
.•cid, as its analysis shews it to consist of an oil and 
-in. acid. The oil is called oil of amber, the acid the 
succinic. 

Emily. That oil I have sometimes used in painting, 
as it is reckoned to change less than the other kinds 
of oils. 

Jilrs. B. The last class of vegetable substances 
that have changed their nature are fossil wood, peat, 
and turf. These are. composed of wood and roots of 
shrubs, that are partly decomposed by being exposed 
to moisture under ground, and yet, in some measure, 
preserve their form and organic appearance. The 
peat, or black earth of the moors, retains but few 
vestiges of the roots to which it owes its richness and 
combustibility, these substances being in the course 
of time reduced to the state of vegetable earth. But 
in turf the roots of plants are still discernible, and it 
equally answers the purpose of fuel. It is the com- 
bustible used by the poor in heathy countries, which 
supply it abundantly. 

It is too late this morning to enter upon the his- 
tory of vegetation. We shall reserve this subject, 
therefore, for our next interview, when I expect that 
it will furnish us with ample matter for another con- 
versation. 
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CONVERSATION XIX. 

History of Vegetation 

Mrs. B. 

THE Vegetable Kingdom may be considered as 
the link which unites the mineral and animal crea- 
tion into one common chain of beings ; for it is 
through the means of vegetation alone that mineral 
substances are introduced into the animal system, 
since generally speaking it is from vegetables that all 
animals ultimately derive their sustenance. 

Caroline. I do not understand that; "the human, 
species subsists as much on animal as on vegetable 
food, and there are some carnivorous animals that 
will eat only animal food. 

Mrs. B. That is true ; but you do not consider 
that those that live on animal food derive their sus- 
tenance equally, though not so immediately, from 
vegetables. The meat that we eat is formed from 
the herbs of the field, and the prey of carnivorous 
animals proceeds, either directly or indirectly, from 
the same source. It is therefore through this chan- 
nel that the simple elements become a part of the ani- 
mal frame. We should in vain attempt to derive 
nourishment from carbone, hydrogen, and oxygen, 
either in their separate state, or combined in the mi- 
neral kingdom ; for it is only by being united in the 
form of vegetable combination, that they become ca- 
pable of conveying nourishment. 

Emily. Vegetation then, seems to be the method- 
which nature employs to prepare the food of ani- 
mals ? 

Dd2- 
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Mrs. B. That is certainly its principal object.-— 
The vegetable creation does not exhibit more wisdom 
in that admirable system of organization, by which 
it is enabled to answer its own immediate ends of 
preservation, nutrition, and propagation, than in its 
grand and ultimate object of forming those arrange- 
ments and combinations of principles, -which are 
so well adapted for the nourishment of animals. 

Emily. But I am very curious to know whence 
vegetables obtain those principles, which form their 
immediate materials ? 

Mrs. B. This is a point on which we are yet so 
much in the dark, that I cannot hope fully to satisfy 
your curiosity; but what little I know on this subject, 
I will endeavour to explain to you. 

The soil, which, at first view, appears to be the 
aliment of vegetables, is found, on a closer investiga- 
tion, to be little more than the channel through 
which they receive their nourishment ; so that it is 
very possible to rear plants without any earth or 
soil. 

Caroline. Of that we have an instance in the hy- 
acinth and other bulbous. roots, which will grow and 
blossom beautifully in glasses of water. But I con- 
fess I should think it would be difficult to rear trees 
in a similar manner. 

Mrs. B. No doubt it would, as it is the burying 
of the roots in the earth that supports the stem of 
the tree. But this office, besides that of affording a 
vehicle for food, is far the most important part which 
the earthy portions of the soil perform in the pro- 
cess of vegetation ; for we can discover by analysis 
but an extremely small proportion of earth in vege- 
table compounds. 

Caroline. But if earths do not afford nourishment, 
why is it necessary to be so attentive to the prepara- 
tion of the soil ? 

Mrs. B. In order to impart to it those qualities 
which render it a proper vehicle for the food of the 
plant. Water is the chief nourishment of vegeta- 
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bles 5 if, therefore, the soil be too sandy, it will not re- 
tain a quantity of water .sufficient to supply the roots 
of the plants. If, on the contrary, it abounds too 
much with clay, the water will lodge in such quan- 
tities as to threaten a decomposition of the roots. 

Calcareous soils are, upon the whole, the most favour- 
able to the growth of plants, from their containing 
in great abundance carbonic acid, which is one of 
the most essential ingredients of vegetation. Soils 
are, therefore, usually improved by chalk, which 
you may recollect is a carbonat of lime. Different 
vegetables, however, require different kinds of soils. 
Thus rice demands a moist, retentive soil ; potatoes 
a soft sandy soil ; wheat a firm and rich oil. Forest 
trees grow better in fine sand than in a stiff clay; 
and a light feruginous soil is best suited to fruit 
trees. 

Caroline. But pray what is the use of manuring 
the soil ? 

Mrs. B. Manure consists of all kinds of substan- 
ces, whether of vegetable or animal origin, which 
have undergone the putrid fermentation and are con- 
sequently decomposed, or nearly so, into their ele- 
mentary principles. Now, I ask you what is the uti- 
lity of supplying the soil with these decomposed sub- 
stances ? 

Caroline. It is, I suppose, in order to furnish vege- 
tables with the principles which enter into their 
composition. For manures not only contain car- 
bone, hydrogen, and oxygen, but by their decompo- 
sition supply the soil with these principles in their 
elementary form. 

Mrs. B. Undoubtedly; and it is for this reason 
that the finest crops are produced in fields that were 
formerly covered with woods, because their soil is 
composed of a rich mould, a kind of vegetable earth 
which abounds in those principles. 

Emily. This accounts for the plentifulness of the 
crops produced in America, where the country was 
but a few years since covered with wood. 



320 

Caroline. But how is it that animal substances arc 
recki • to produce the best manure ? Does it not 
appear much more natural that the decomposed ele- 
ments of vegetables should be the most appropriate 
to the formation of new vegetables ? 

Mrs. B. The addition of a much greater propor- 
tion of nitrogen, which constitutes the chief differ- 
ence between animal and vegetable matter, renders 
the composition of the former more complicated, 
and consequently more favourable to decomposition. 
The use of animal substances is chiefly to give the 
first impulse to the fermentation of the vegetable in- 
gredients that enter into the composition of manures 
The manure of a farm-yard is of that description , 
but there is scarcely any substance susceptible of un- 
dergoing the putrid fermentation that will not make 
good manure. The heat produced by the fermenta- 
tion of manure is another circumstance which is ex- 
tremely favourable to vegetation; yet this heat would 
be too great if the manure was laid on the ground in 
the height of fermentation ; it is used in this state 
only for hot-beds, to produce melons, cucumbers, 
and such vegetables as require a very high tempe- 
rature. 

Caroline. A difficulty has just occurred to me 
which I do not know how to remove. — Since all or- 
ganized bodies are, in the common course of nature, 
ultimately reduced to their elementary state, they 
must necessarily in that state enrich the soil, and af- 
ford food for vegetation. How is it then that agri- 
culture, which cannot increase the quantity of those 
elements that are required to manure the earth, can 
increase its produce so wonderfully, as is found to be 
the case in all cultivated countries ? 

Mrs. B. It is by suffering none of these principles 
to remain inactive, and by employing them to the 
best advantage. This objett is attained by a judicious 
preparation of the soil, which consists in fitting it 
either for the general purposes of vegetation, or for 
that of the particular seed which is to be sown. — 
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Thus, if the soil be too cold, it may be warmed by 
slakeing lime upon it ; if too loose and sandy, it may 
be rendered more consistent and retentive of water 
by the addition of clay or loam ; if too poor, it may 
be enriched by chalk or any kind of calcareous earth. 
On soils thus improved, manures will act with dou- 
ble efficacy, and if attention be paid to spread them 
on the ground at a proper season of the year, to mix 
them with the soil so that they may be generally dif- 
fused through it, to destroy the weeds that might ap- 
propriate these nutritive principles to their own use, 
to remove the stones which would impede the growth 
of the plant, &c. we may obtain a produce an hun- 
dred fold more abundant than the earth would spon- 
taneously supply. 

Emily. We have a very striking instance of this 
in the scanty produce of uncultivated commons, com- 
pared to the rich crops of meadows which are occa- 
sionally manured. 

Caroline. But, Mrs. B. though experience daily 
proves the advantages of cultivation, there is still a 
difficulty which I cannot get over. A certain quan- 
tity of elementary principles exist in nature, which it 
is not in the power of man either to augment or di- 
minish. Of these principles you have taught us that 
both the animal and vegetable creation are composed. 
Now the more of them is taken up by the vegetable 
kingdom, the less, it would seem, will remain for 
animals ; and therefore the more populous the earth 
becomes, the less it will produce. 

Mrs. B. Your reasoning is very plausible ; but 
experience every where contradicts the inference you 
would draw from it : for we find that the animal 
and vegetable kingdoms, instead of thriving as you 
would suppose, at each other's expense, always in- 
crease and multiply together. Indeed, you must al- 
low that your conclusion would be valid only if eve- 
ry particle of the several principles that could possibly 
be spared from other purposes were employed in the 
animal and vegetable creations. Now we have rear 
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son to believe, that a much greater proportion of 
these principles than is required for such purposes 
remains, either in an elementary state, or engaged in 
a less useful mode of combination in the mineral 
kingdom. Possessed of such immense resources as 
the atmosphere and the waters afford us, for oxy- 
gen, hydrogen, and carbone, so far from being in 
danger of working up all our simple materials, we 
cannot suppose that we shall ever bring agriculture 
to such a degree of perfection as to require the whole 
of what these resources could supply. 

Nature, however, in thus furnishing us with an 
inexhaustible stock of raw materials, leaves it in 
some measure to the ingenuity of man to appropri- 
ate them to his own purposes. But, like a kind pa- 
rent, she stimulates him to exertion, by setting the 
example and pointing out the way. For it is on the 
operations of nature that all the improvements of art 
are founded. The art of agriculture consists, there- 
fore, in discovering the readiest method of obtaining 
the several principles, either from their grand sour- 
ces, air and water, or from the decomposition of 
organized bodies ; and in appropriating them in the 
best manner to the purposes of vegetation. 

Emily. But, among the sources of nutritive princi- 
ples, I am surprised that you do not mention the 
earth itself, as it contains abundance of coals which 
are chiefly composed of carbone. 

Mrs. B. You must recollect that coals are, in 
all probability, principally, if not entirely, of vegetable 
origin •, and therefore, the earth should be consi- 
dered rather as the vehicle through which decayed 
organized matter is gradually brought to the state of 
coals, than as the original source of that valuable 
combustible. Besides, you know, that though coals 
abound in carbone, they cannot on account of their 
hardness and impermeable texture, be immediately 
subservient to the purposes of vegetation. 

Emily. No : but by their combustion carbonic 
acid is produced j and this entering into various com- 
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binations on the surface of the earth, may perhaps 
assist in promoting vegetation. 

Mrs. B. Probably it may in some degree ; but 
at any rate the quantity of nourishment, which ve- 
getables may derive from that source, can be but 
very trifling, and must entirely depend on local cir- 
cumstances. 

Caroline. Perhaps the smoky atmosphere of Lon- 
don is the reason why vegetation is so forward and 
so rich in its vicinity ? 

Mrs. B. I rather believe that this circumstance 
proceeds from the very ample supply of manure, as- 
sisted perhaps, by the warmth and shelter which the 
town affords. Far from attributing any good to the 
smoky atmosphere of London, I confess, I like to an- 
ticipate the time when we shall have made such pro- 
gress in the art of managing combustion, that every 
particle of carbone will be consumed, and the smoke 
destroyed at the moment of its production. We 
may then expect to have the satisfaction of seeing 
the atmosphere of London as clear as that of the 
country. — But to return to our subject : I hope that 
you are now convinced that we shall not easily ex- 
perience a deficiency of nutritive elements to fertilize 
the earth, and that, provided we are but industrious 
in applying them to the best advantage by improving 
the art of agriculture, no limits can be assigned to 
the fruits that we may expect to reap from our la- 
bours ! 

Caroline. Yes ; I am perfectly satisfied in that 
respect, and can assure you that I feel already much 
more interested in the progress and improvement of 
agriculture. 

Emily. I have often thought that the culture of 
the land was not considered as a concern of sufficient 
importance. Manufactures always take the lead; 
and health and innocence are frequently sacrificed to 
the prospect of a more profitable employment. It 
has often grieved me to see the poor manufacturers 
crowded together in close rooms, and confined for 
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the whole day to the most uniform and sedentary 
employment, instead of being engaged in that inno- 
cent and salutary kind of labour, which nature seems 
to have assigned to man for the immediate acquire- 
ment of comfort, and for the preservation of his ex- 
istence. I am sure that you agree with me in think- 
ing so, Mrs. B ? 

Airs. B. I am entirely of your opinion, my dear, 
in regard to the importance of agriculture ; but I am 
far from wishing to depreciate manufactures ; for as 
the labour of one man is sufficient to produce food 
for several, those whose industry is not required in 
tillage must do something in return for the food that 
is provided for them. They exchange, consequent- 
ly, the accommodations for the necessaries of life. 
Thus the carpenter and the weaver lodge and clothe 
the peasant, who supplies them with their daily 
bread. The greater stock of provisions, therefore, 
which the husbandman produces, the greater is the 
quantity of accommodation which the artificer pre- 
pares. Such are the happy effects which naturally 
result from civilized society. It would be wiser, 
therefore, to endeavour to improve the situation of 
those who are engaged in manufactures, than to in- 
dulge in vain declamations on the hardships to which 
they are often exposed. 

But we must not yet take our leave of the subject 
of agriculture ; we have prepared the soil, it remains 
for us now to sow the seed. In this operation we 
must be careful not to bury it too deep in the ground, 
as the access of air is absolutely necessary to its ger- 
mination •, the earth therefore must lie loose and 
light over it, in order that the air may penetrate. — 
Hence the use of ploughing and digging, harrowing 
and raking, &c. A certain degree of heat and mois- 
ture, such as usually takes place in the spring, is 
likewise necessary. 

Caroline. One would imagine you were going to 
describe the decomposition of an old plant, rather 
than the formation of a new one ; for you have enu- 
merated all the requisites of fermentation. 
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,-. B. Dp you forget, my deal 1 , that the young 
plant derives its existence from the destruction of the 
seed, and that it is actually by the saccharine fer- 
mentation that the latter is decomposed ? 

Caroline. True ; I bonder that I did not recoiled! 
that. The temperature and moisture required for 
the germination of the seed, is then employed in 
producing the saccharine fermentation within it. 

Mrs. B. Certainly. But, in order to understand 
the nature of germination, you should be acquainted 
with the different parts of which the seed is com- 
posed. The external covering or envelope contains, 
besides the germ of the future plant, the substance 
which is to constitute its first nourishment ; this sub- 
stance, which is called the parenchyma, consists of 
fecula, mucilage, and oil, as we formerly observed. 

The seed is generally divided into two compart- 
ments, called lobes, or cotyledons, as is exemplified by 
the bean, Plate XI. Fig. 25.— the dark coloured 
kind of string which divides the lobes, is called the 
radicle, as it forms the root of the plant, and it is 
from a contiguous substance called plumula, which is 
enclosed within the lobes, that the stem arises. The 
figure and size of the seed depend very much upon. 
the cotyledons ; these vary in number in different 
seeds ; some have only one, as wheat, oats, barley, 
and all the grasses ; some have three, others six! 
But most seeds, as for instance, all the varieties of 
beans, have two cotyledons. When the seed is bu- 
ried in the earth, at any temperature above 40° it 
imbibes water, which softens anii'"fwells the lobes ; 
it then absorbs oxygen which combines with some of 
its carbone, and is returned in the form of carbonic 

PLATE XT. 
Fig. 25. Bean. 

Fig. 26. AB. Cotyledons. C. Envelope. D Radicle. 
Fig. 27. AB. Cotyledons. C. Plumula. D Radjcje 
Fig. 28. AB- Cotyledons C. Plumula. D. R^« cie' 
Ftg. z 9 . AA. Glass bell. B. Bladder representing tht 
C. Bladder representing the diaphragm. 

Ee 
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acid. This loss of carbone increases the comparative 
proportion of hydrogen and oxygen in the seed, and 
excites the saccharine fermentation, by which the 
parer.chymatoas matter is converted into a kind of 
sweet emulsion. In this form it is carried into the 
radicle by vessels for that purpose ; and in the mean 
time, the fermentation having caused the seed to 
burst, the cotyledons are rent asunder, the radicle 
strikes into the ground and becomes the root of the 
plant, and hence the fermented liquid is conveyed to 
the plumula, whose vessels have been previously dis- 
tended by the heat of the fermentation. The plu- 
mula being thus swelled, as it were, by the emulsive 
fluid, raises itself and springs up to the surface of the 
earth, bearing with it the cotyledons, which as soon 
as they come in contact with the air, spread them- 
* selves, and are transformed into leaves — If we go in- 
to the garden, we shall probably find some seeds in 
the state which I have described — 

Emily.. Here are some lupines that are just making 
their appearance above ground. 

Mrs. B. We will take up several of them to ob- 
serve their different degrees of progress in vegeta- 
tion. Here is one that has but recently burst its en- 
velope — do you see the little radicle striking down- 
wards ? {Plate XI. Fig. 26.) In this the plumula is 
not yet visible. But here is another in a greater 
state of forwardness. — the plumula, or stem, has risen 
out of the ground, and the cotyledons are converted 
into seed leaves, {Plate XI. Fig. 27.) 

Caroline. These leaves are very thick and clumsy, 
and unlike the other leaves which I perceive are just 
beginning to appear. 

Mrs. B. It is because they retain the remains of 
the parenchyma, with which they still continue to 
nourish the young plant, as it has not yet sufficient 
roots and strength to provide for its sustenance from 
the soil.— But, in this third lupine, {Plate XI. Fig. 
28) the radicle had sunk deep into the earth, and 
rnt out several shoots, each of which is furnished 
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with a mouth to suck up nourishment from the soil ; 
the function of the original leaves, therefore, being 
no longer required, they are gradually decaying, 
and the plumula, is become a regular stem, shooting 
out small branches and spreading its foliage. 

Emily. There seems to be a very striking analogy 
between a seed and an egg;-both require an elevation 
of temperature to be brought to life ; both at first 
supply with aliment the organized being which they 
produce *, and as soon as this has attained sufficient 
strength to procure its own nourishment, the egg- 
shell breaks, whilst in the plant the seed-leaves fall 
off. 

Mrs. B. There is certainly some resemblance be- 
tween these processes ; and when you become ac- 
quainted with animal chymistry, you will frequently 
be struck with its analogy to that of the vegetable 
kingdom. 

As soon as the young plant feeds from the soil, it 
requires the assistance of leaves, which are the or- 
gans by which the plant throws off its superabundant 
fluid ; this secretion is much more plentiful in the 
vegetable than in the animal creation, and the great 
extent of surface of the foliage of plants is admirably 
calculated for carrying it on. in sufficient quantities. 
This transpired fluid consists of little more taafl wa- 
ter. The sap, by this process, is converted into a 
liquid of greater consistence, which is fit to be assi- 
milated to its several parts. 

Emily. Vegetation, then, must be essentially in- 
jured by destroying the leaves of the -plant ? 

Mrs. B. Undoubtedly j it not only diminishes 
the transpiration, but also the absorption by the 
roots ; for the quantity of sap absorbed, vis always in 
proportion to the quantity of fluid thrown off bv 
transpiration. You see therefore the necessity that 
a young plant should unfold its leaves as soon as it 
begins to derive its nourishment from the soil ; and, 
accordingly, you will find that those lupines which 
have dropped their sp.J leaves, and are no longer fed 



by the -parenchyma, have spread their foliage, in or- 
der to perform the office just described. 

But I should inform you that this function ot 
transpiration seems to be combined to the upper sur- 
face of the leaves, whilst, on the contrary, the lower 
surface} which is more rough and uneven, and fur- 
, mshed with a kind of hair or down, is destined to 
absorb moisture, cr such other ingredients as the 
plant derives from the atmosphere. 

As soon as a young plant makes its appearance 
above ground, light as well as air, becomes necessa- 
ry to its preservation. Light is essential to the de- 
velopement of the colours and to the thriving of the 
plant. You may have often observed what a predi- 
ction vegetables have for the light If you make 
any plants grow in a room, they all spread their 
leaves and- extend their branches' towards the win- 
dows. 

Caroline. And many plants close up their flowers 
as soon as it is dark. 

Emily. But may not this be owing to the cold 
and dampness of the evening air ? 

Mrs. B. That does not appear to be the case ; for 
in a course of curious experiments, made by Mr. Se- 
nebier, of Geneva, on plants which he re^ui vf 
'I'T'p i?p;nr, he found that the flowers closed their 
petals whenever the lamps were extinguished. 

Emily. But pray, why is air essential to vegeta- 
tion ; plants do not breathe it like animals ? 

Mrs. B. At least not in the same manner; but 
they certainly derive some principles from the at- 
mosphere', and yield others to it. Indeed, it i i 
chiefly owing to the action of the atmosphere and 
the vegetable kindgdom on each other, that the air 
continues always fit for respiration. But you will 
understand this better when I have explained the ef- 
fect of water on plants. 

I have said that water forms the chief nourish- 
ment of plants ; it is" the basis not only of the sap, 
but of all the vegetable juices. Water is the vehicle 
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h carries into the plant the various salts and 
other ingredients required for the formation and sup- 
port of the vegetable system. Nor is this all •, 
great part of the water itself is decomposed by the 
organs of the plant •, the hydrogen becomes a consti- 
tuent part of oil, of extract, of colouring matter, &c\ 
whilst a portion of the oxygen enters into the forma- 
tion of mucilage, of fecula, of sugar, and of vegeta- 
ble acids. But the greater part of the oxygen, pro- 
ceeding from the decomposition of the water, is con- 
verted into a gaseous state by the caloric, disengaged 
from the hydrogen during its condensation in die 
formation of the vegetable materials. In this state 
the oxygen is transpired by the leaves of plants when 
posed to the sun's rays. Thus you find that the 
decomposition of water, by the organs of the plant, 
is not only a means of supplying it with its chief in- 
gredient, hydrogen, but at the same time of reple- 
nishing the atmosphere with oxygen, a principle 
which requires continual renovation, to make up fer- 
tile great consumption of it occasioned, by the nume- 
rous oxygenations, combustions, and respirations, 
that are constantly taking place on the surface of 
the globe. 

Emily. What a striking instance of the harmony 
of nature ! 

_ Mrs. B. And how admirable the design of Pro- 
vidence, who makes every different part of the cre- 
ation thus contribute to the support and renovation 
of each other ! 

But the intercourse of the vegetable and anima 1 
kingdoms through the medium of the atmosphere 
extends still farther. Animals, in breathing, not 
only consume the oxygen of the air, but load Tt with 
carbonic acid, which, if accumulated in the atmos- 
phere, would, in a short time, render it totally- 
unfit for respiration. Here the vegetable kingdom 
sgain interferes ; it attracts and decomposes the car- 
bonic acid, retains the carbone for its own purposes, 
and returns the oxygen for ours. This process!! 
e e 2 - 



however, is only carried on during the day, and a 
contrary one seems to take place during the night ; 
for the leaves then absorb oxygen and emit carbonic 
acid. The absorption of carbonic acid during the 
day, is, however, far from balanced by the quantity 
emitted during the night. 

Caroline. How interesting this is ! I do not know 
a more beautiful illustration of the wisdom which is 
displayed in the laws of nature. 

Mrs. B. Faint and imperfect as are the ideas 
which our limited perceptions enable us to form of 
Divine Wisdom, still they cannot fail to inspire us 
with awe and admiration. What then would be our 
feelings were the complete system of nature at once 
displayed before us ! So magnificent a scene would 
probably be too great for our limited and imperfect 
comprehension, and it is, no doubt, amongst the 
wise dispensations of Providence, to veil the splendour 
of a glory with which we should be overpowered. — 
But it is well suited to the nature of a rational being 
fo explore, step by step, the works of the creation ; 
to endeavour to connect them into harmonious sys- 
^ms -, and, in a word, to trace, in the chain of be- 
ings, the kindred ties and benevolent designs which 
unite its various links, and secure its preservation. 

Caroline. But of what nature are these organs of 
-plants which are endued with such wonderful powers? 

Mrs. B. They are so minute, that their structure, 
as well as the mode in which they perform their 
functions, generally elude our examination ; but we 
may consider them as so many vessels or apparatus 
appropriated to perform, with the assistance of the 
principle of life, certain chymical processes, by 
means of which these vegetable compounds are gene- 
rated. We may, however, trace the tannin, resins, 
gum, mucilage, and some other vegetable materials 
in the organized arrangement of plants, in which 
:hey form the bark, the wood, the leaves, flowers, 
:v.c seeds. 
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, Lhf hark is composed of the epidermis, the paren- 
ma, and the cortical layers. 

The epidermis is the external covering of the 
plant. It is a thin transparent membrane consisting 
of a number of slender fibres crossing each other, 
and forming a kind of net-work. When of a white 
glossy nature, as in several species of trees, in the 
stems of corn and of seeds, it is composed of a thin 
coating of silicious earth, which accounts for the 
strength and hardness of those long and slender 
stems. Mr. Davy was led to the discovery of the 
silicious nature of the epidermis of such plants, by 
observing the singular phenomenon of sparks of fire 
emitted by the collision of ratan canes with which 
two boys were fighting in a dark room. On analy- 
sing the epidermis of the cane, he found it to be al- 
most entirely silicious. 

Caroline. With iron then, a cane I suppose, will 
strike fire very easily ? 

Mrs. B. I understand that it will. — In evergreens 
the epidermis is mostly resinous, and in some few 
plants is formed of wax. The resin, from its want 
of affinity for water, tends to preserve the plant 
from the destructive effects of violent rains, severe 
climates, or inclement seasons, to which this species 
of vegetables is peculiarly exposed. 

Emily. Resin must preserve wood just like a var- 
nish, as it is the essential ingredient of varnishes. 

Mrs. B. Yes, and by this means it prevents like- 
wise all unnecessary expenditure of moisture. 

The parenchyma is immediately beneath the epi- 
dermis ; it is that green rind which appears when 
you strip a branch of any tree or shrub of its exter- 
nal coat of bark. The parenchyma is not confined 
to the stem or branches, but extends over every part 
of the plant. It forms the green matter of the 
leaves, and is composed of tubes filled with a pecu- 
liar juice. 

The cortical layers are immediately in contact with 
the wood j they abound with tannin and gallic acid. 
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and consist of small vessels, through which \\. 
descends after being elaborated in the leaves, 
cortical layers are annually renewed, the old bar!< 
being converted into wood. 

Eviily. But through what vessels does the sap as- 
cend ? 

Mrs. B. That function is performed by the tube? 
of the alburnum or wood, which is immediatelv be- 
neath the cortical layers. The wood is composed of 
woody fibres, mucilage, and resin. The fibres arc 
disposed iri two ways 5 some of them longitudinally, 
and these form what is called the silver grain of the 
wood. The others, which are concentric, are called 
the spurious grain. These last are disposed in lay- 
ers, from the number of which the age of the tree 
may be computed, a new one being produced annually 
by the conversion of the bark into wood. The oldest, 
and consequently most internal part of the alburnum, 
is called heart-wood; it appears to be dead, at least no 
vital functions are discernible in it. It is through 
the tubes of the living alburnum that the sap rises. 
These, therefore, spread into the leaves, and there 
communicate with the extremities of the vessels of the 
cortical layers, into which they pour their contents. 

Caroline. Of what use then are the tubes of the 
parenchyma, since neither the ascending nor de- 
scending sap passes through them ? 

Mrs. B. They are supposed to perform the im- 
portant function of secreting from the sap the pecu- 
lear juices from which the plant more immediately 
derives its nourishment. These juices are very con- 
spicuous, as the vessels which contain them are much 
larger than those through which the sap circulates, i 
The peculiar juices of plants differ much in their na- 
ture, not only in different species of vegetables, but 
frequently iri different parts of the same individual 
plant. They are sometimes saccharine as in the su-f 
gar-cane, sometimes resinous as in firs and ever- 
greens, sometimes of a milky appearance as in the 
laurel. 
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■:.')'. I have often observed, that in breaking a 
young shoot, or in bruising a leaf of laurel, a milky 
iuice will ooze out in great abundance. 

Mrs. B. And it is by making incisions in the 
bark, that pitch, tar, and turpentine are obtained 
from fir trees. The durability of this species of 
wood is chiefly owing to the resinous nature of its 
peculiar juices. The volatile oils have in a great 
measure, the same preservative effects, as they de- 
fend the parts with which they are connected, from 
the attack of insects. This tribe seems to have as 
great an aversion to perfumes, as the human species 
take delight in them. They scarcely ever attack 
any odoriferous parts of plants, and it is not uncom- 
mon to see every ieaf of a tree destroyed by a blight, 
whilst the blossoms remain untouched. Cedar, san- 
dal, and all aromatic woods, are on this account of 
great durability. 
Emily. But the wood of the oak, which is so much 

esteemed for its durability has I believe, no smell. 

Does it derive this quality from its hardness alone ? 
Mrs. B. Not entirely ; for the chesnut, though 
considerably harder and firmer than the oak, is not 
so lasting. The durability of the oak is, I believe, 
in a great measure owing to its having very little 
heart-wood, the alburnum preserving its vital func- 
tions longer than in other trees. 

Caroline. If incisions are made into the alburnum 
vmI cortical layers, may not the ascending and de- 
scending sap be procured in the same manner as the 
peculiar juice is from the vessels of the parenchyma? 
• Irs. B. Yes ; but in order to obtain specimens 
pi these fluid?,, in any quantity, the experiment must 
nade in the spring, when the sap circulates with 
•he greatest energy. For this purpose a small bent 
glass tube should be introduced into the incision, 
through which the sap may flow without mixing 
with any of the other juices of the tree. From the 
bark the sap will flow much more plentifully than 
from the wood, as the ascending sap is much more 
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liquid, more abundant, and more rapid in its mo- 
tion than that which descends •, for the latter having 
been deprived by the operation of the leaves of a 
considerable part of its moisture, contains a much 
greater proportion of solid matter which retards its 
motion. It does not appear that that there is any 
excess of descending sap, as none ever exudes from 
the roots of plants ; this process, therefore, seems to 
be carried on only in proportion to the wants of the 
plant, and the sap descends no further and in no 
greater quantity than is required to nourish the seve- 
ral organs. Therefore, though the sap rises and de- 
scends in the plant, it does not appear to undergo a 
real circulation. 

The last of the organs of plants is the flower or 
blossom, which produces the fruits and seed. These 
may be considered as the ultimate purpose of nature 
in the vegetable creation. From fruits and seeds 
animals derive both a plentiful source of immediate 
nourishment, and an ample provision for the repro- 
duction of the same means of subsistence. 

The seed, which forms the final product of mature 
plants we have already examined, as constituting the 
first rudiments c f future vegetation. 

These are th 2 principal organs of vegetation, by 
means of which the several chymical processes, which 
are carried on during the life of the plant, are per- 
formed. 

Emily. But how are the several principles which 
enter into the composition of vegetables, so combined 
by the organs of the plant as to be converted into 
vegetable matter ? 

Mrs. B. By chymical processes, no doubt, but the 
apparatus in which they are performed is so extreme- I 
ly minute as completely to elude our examination. 
We can form an opinion, therefore, only by the re- \ 
suit of these operations. The sap is evidently com- , 
posed of water absorbed by the roots, and holding in i 
solution the various principles which it derives from 
the soil. From the roots the sap ascends through i 
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the tubes of the alburnum into the stem, and thence 
branches out to every extremity of the plant. To- 
gether with the sap circulates a certain quantity of 
carbonic acid, which is gradually disengaged from 
the former by the internal heat of the plant. 

Caroline. What ! have vegetables a peculiar heat 
analogous to animal heat ? 

Mrs. B. It is a circumstance that has long been 
suspected ; but late experiments have decided beyond 
a doubt, that vegetable heat is considerably above 
that of unorganized matter in winter, and below it in 
summer. The wood of a tree is about 60° when the 
thermometer is 70° or 80°. And the bark, though 
so much exposed, is seldom below 40 in winter. 

It is from the sap, after it has been elaborated by 
. the leaves, that vegetables derive their nourishment 5 
in its progress through the plant, from the leaves to 
the roots, it deposites in the several sets of vessels 
with which it communicates, the materials on which 
the growth and nourishment of each part depends. 
It is thus that the various peculiar juices, saccharine, 
oily, mucous, acid, and colouring, are formed j as 
also the more solid parts of fecula, woody fibre, tannin, 
resins, concrete salts : in a word, all the immediate 
materials of vegetables, as well as the organized 
parts of plants, which latter, besides the power of 
secreting these from the sap, for the general purpose 
of the plant have also that of applying them to their 
own particular nourishment. 

Emily. But why should the process of vegetation 
take place only at one season of the year, whilst a 
total inaction prevails during the other ? 

Mrs. B. Heat is such an important chymical 
agent, that its effect, as such, might perhaps alone 
account for the impulse which the spring gives to ve- 
getation. But, in order to explain the mechanism 
of that operation, it has been supposed that the 
warmth of the spring dilates the vessels of plants, and 
produces a kind of vacuum, into which the sap 
(which had remained in a state of inaction in the 
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trunk during the winter) rises : this is followed by 
the ascent of the sap contained in the roots, and 
room is thus mace.for fresh sap, which the roots, in 
their turn pump up from the soil. This process 
goes on till the plant blossoms and bears fruit, which 
terminates its summer career; but when the cold 
weather set« in, the fibres and vessels contract, the 
leaves wither, and are no longer able to perform 
their office of transpiration ; and, as this secretion 

stops, the roots cease to absorb sap from the soil. 

If the plant be an annual, its life then terminates ; if 
not, it remains in a state of torpid inaction during 
the winter ; or the only internal motion that takes 
place is that of a small quantity of resinous juice, 
which slowly rises from the stem into the branches, 
and enlarges their buds during the winter. 

Caroline. Yet, in evergreens, vegetation must con- 
tinue throughout the year. 

Mrs. B. Yes ; but in winter it goes on in a 
very imperfect manner, compared to the vegetation 
of spring and summer. 

We have dwelt much longer on the history of ve- 
getable chymistry than I had intended ; but we have 
at length, I think brought the subject to a conclu- 
sion. 

Caroline. I rather wonder that you did not re- 
serve the account of the fermentations for the con- 
clusion; for the decomposition of vegetables naturally 
follows their death, and can hardly, ir seems, be in- 
troduced with so much propriety at any other pe- 
riod. 

Mrs. B. It is difficult to determine at what point 
precisely it may be must eligible to enter on the his- 
tory of vegetation ; every part of the subject is so 
closely connected, and forms such an uninterrupted 
chain, that it is by no means easy to divide it. Had I 
begun with a germination of the seed, which, at first 
view, seems to be the most proper arrangement, I 
could not have explained the nature and fermentation 
of the seed, or have described the changes which ma- 
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aure must undergo, in order to yield the vegetable 
elements. To understand the nature of germination, 
it is necessary, I think, previously to decompose the 
parent plant, in order to become acquainted with the 
materials required for that purpose. I hope, there- 
fore, that, upon second consideration, you will find. 
that the order which I have adopted, though appa- 
rently less correft, is in faft the best calculated for 
the elucidation of the subject. 



CONVERSATION XX. 

On {he Composition of Animals. 

Mrs. B. 

WE are now come to the last branch of chy- 
mistry, which comprehends the most complicated or- 
der of compound beings. This is the animal crea- 
tion, the history of which cannot but excite the high- 
est degree of curiosity and interest, though we often 
fail in attempting to explain the laws by which it is 
governed. 

Emily. But since all animals ultimately derive their 
nourishment from vegetables, the chymistry of this 
order of beings must consist merely in the conversion 
of vegetable into animal matter? 

Mrs. B. Very true ; but the manner in which 
this is effected, is, in a great measure, concealed from 
our observation. This process is called animalizatioi^ 
and is performed by peculiar organs. The difference 
of the animal and vegetable kingdoms does not, 

Ff 
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however, depend merely on a different arrangement 

of combinations. A new principle abounds in the 
animal kingdom, which is but rarely and in very 
small quantities found in vegetables; this is nitrogen. 
There is likewise in animal substances a greater and 
more constant proportion of phosphoric acid, and 
other saline matters. But these are not essential to 
the formation of animal matter. 

Caroline. Animal compounds contain then four 
fundamental principles, oxygen, hydrogen, carbone, 
and nitrogen. 

Mrs. B. Yes ; and these form the immediate 
materials of animals, which are gela/itie, albumen^ and 
Jibr'ine. 

Emily. Are those all ? I am surprised that ani- 
mals should be composed of fewer kinds of materials 
than vegetables; for they appear much more com- 
plicated in their organization. 

Mrs. B. Their organization is certainly more 
perfect and intricate, and the ingredients that occa- 
sionally enter into their composition are more nume- 
rous. But notwithstanding the wonderful variety 
observable in the texture of the animal organs, we 
find that the original compounds, from which all the 
varieties of animal matter are derived, may be re- 
duced to the three heads just mentioned. Animal 
substances being the most complicated of all natural 
compounds, are most easily susceptible of decompo- 
sition,, as the scale of attractions increases in propor- 
tion to the number of constituents. Their analysis 
is, however, both difficult and impo feet; for as they 
cannot be examined in their living state, and are lia- 
ble to alteration immediately after death, it is proba- 
ble that, when submitted to the investigation of a 
chymist, they are always more or less altered in 
combinations and properties, from what they were 
whilst they made part of the living animal. 

Emily. The mere diminution of temperature, 
which they experience by the privation of animal 
heat, must', I should suppose, be sufficient to de- 
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range the order of attractions that existed during 
life. b 

Mrs. B. That is one of the causes, no doubt : 
but there are many other circumstances which pre- 
vent us from studying the nature of living animal 
substances. We must therefore, in a considerable 
degree, confine our researches to the phenomena of 
these compounds in their inanimate state. 

These three kinds of animal matter, gelatine, al- 
bumen, and fibrine, form the basis of all the various 
parts of the animal system : either solid, as the shin, 
flesh, nerves, membranes, cartilages, and bones : or flu- 
ids, as blood, chyle, milk, the gastric and. pancreatic 
juices, bile, perspiration, saliva, tears, cffr. ' 

Caroline. Is it not surprising that so great a varie- 
ty of substances, and so different in their nature, 
should yet all arise from so [ew materials, and from 
the same original elements ? 

Mrs. B. The difference in the nature of various 
bodies depends, as I have often observed to you, ra- 
ther on their state of combination, than on the ma- 
terials of which they are composed. Thus, in con- 
sidering the chymical nature of the creation in a ge- 
neral point of view, we observe that it is throughout 
composed of a very small number of elements. But 
when we divide it into the three kingdoms, we find 
that, in the mineral, the combinations seem to reside 
from the union of elements casually brought toge- 
ther ; whilst in the vegetable and animal kingdoms, 
the attractions are peculiarly and reguhuly produced 
by appropriate organs, whose action depends on the 
vital principle. And we may further observe, that 
by means of certain spontaneous changes and decom- 
positions, the elements of one kind of matter become 
subservient to the production of another; so that the 
three kingdoms are intimately connected, and con- 
stantly contributing to the preservation of each other. 
Emily. There is, however, one very considerable 
class of elements, which seems to be confined to the 
mineral kingdom : I mean metals. 



Mrs. B. Not entirely ; they are found, though 
in 'very minute quantities, both in the vegetable and 
animal kingdoms. A small portion of earth and sul- 
phur enters also into the composition of organized 
bodies. Phosphorus, however, is almost entirely 
confined to the animal kingdom ; and nitrogen, but 
with few exceptions, is extremely scarce in vege- 
tables. 

Let us now proceed to examine the nature of the 
three principal materials of the animal system. 

Gelatine, or _/V//y, is the chief ingredient of skin, 
and of all the membranous parts of animals. It mav 
;^e obtained from these substances under the form's 
of glue, size, isinglass, and transparent jelly. 

Caroline. But these are of a very different nature ; 
they cannot therefore be all pure gelatine. 

Mrs. B. Not entirely, but very nearly so. Glue 
is extracted from the skin of animals. Size is ob- 
'ained either from skin in its natural state, or from 
leather. Isinglass is gelatine procured from a particu- 
lar species of fish ; it is, you know, of this substance 
that the finest JeHy is made, and this is done by merely 
dissolving the isinglass in boiling water, and allowing 
the solution to congeal. 

Emily. The wine, lemon, and spices, are, I sup* 
pose, added only to flavour the jelly ? 

Mrs. B. Exactly so. 

Caroline. But jelly is often made of hartshorn 
tmgs, and of calves' feet; do these substances contain 
gelatine ? 

Mrs. B. Yes. Gelatine may be obtained from al- 
most any animal substance, as it enters more or less 
into the composition of all of them. The process 
of obtaining it is extremely simple, as it consists 
merely in boiling the substance that contains it with 
water. The gelatine dissolves in water, and may be 
obtained of any degree of consistence or strength, by 
evaporating this solution. Bones in particular pro- 
duce it very plentifully, as they consist of phosphat 
of lime combined or cemented by gelatine. Horns 
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which are a species of bone, will yield abundance of 
gelatine. The horns of the hart are reckoned to' 
produce gelatine of the finest quality ; they are re- 
duced to the state of shavings in order that the jelly 
may be more easily extracted by the water. It is of 
hartshorn shavings that the jellies for invalids are 
usually made, as<they are of very easy digestion. 

Caroline. It appears singular that hartshorn, which 
yields such a powerful ingredient as ammonia, should 
at the same time produce so mild and x insipid a sub- 
stance as jelly ? 

Mrs. B. And, what is more surprising, it is from 
the gelatine of bones that ammonia is produced. — 
You must observe, however, that the processes by 
which these two substances are obtained from bones 
are very different. By the simple action of water, 
and heat, the gelatine is separated ; but in order to 
procure the ammonia, or what is commonly called 
hartshorn, the bones must be distilled, by which 
means the gelatine is decomposed, and hydrogen and 
nitrogen combined in the form of ammonia. So 
that the first operation is a mere .separation of ingre- 
dients, whilst the second requires a chymical decom-- 
position. 

Carolina. But when jelly is made from hartshorn 
shavings, what becomes of the phosphat of lime 
which constitutes the other part of bones ? 

Mrs. B. It is easily separated by straining. But 
•he Lelly is afterwards more perfectly purified, and 
rendered transparent by adding white of egg, which 
being coagulated by heat, rises to the surface along 
with any impurities. 

Emily. I wonder that bones are not used by the- 
common people to make jelly ; a great deal of whole- 
some nourishment might, I should suppose, be pro- 
cured from them, though the jelly would perhaps not: 
be quite so good as if made from hartshorn shavings r' 

Airs. B. There is a kind of prejudice among the 
poor against a species of food that is usually throwm 
LA 'lie dogs ; and as we canno: expect them to cnte;v 
-f 
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into chymical considerations, it is in some degree ex- 
cusable. Besides, it requires a prodigious quantity 
of fuel to dissolve bones and obtain the gelatine from 
them. 

The solution of bones in water is greatly promoted 
by an accumulation of heat. This may be effected by 
means of an extremely strong metallic vessel, called 
Pulpitis digester, in which the bones and water are 
enclosed, without any possibility of the steam making 
its escape. A heat can thus be applied much supe- 
rior to that of boiling water; and bones, by this 
means, are completely reduced to a pulp. But the 
process still consumes too much fuel to be generally 
adopted among the lower classes. 

Caroline. And why should not a manufacture be 
established for grinding or macerating bones, or at 
least for reducing them to the state of shavings, when 
I suppose they would dissolve as readily as hart's 
horn shavings. 

Mrs. B. Indeed I see no objection to this plan, 
if the prejudices of the vulgar could be overcome ;. 
but this would be a difficult matter, for I have even 
heard it objected to Papin's digester, that by the use 
of food thus prepared, the flesh of those feeding up- 
on it would become ossified. 

Caroline But these prejudiced people might easily 
see that the flesh of dogs, who feed chiefly on bones, 
is not ossified. Besides it would not be difficult to 
convince them that the real bony matter, theAhos- 
phat of lime, is deposited and forms no part of the 
jelly. 

Emily. And when jelly is made of isinglass does it 
leave no sediment ? 

Mrs. B. No ; nor does it so much require clari- 
fying, as it consists almost entirely of pure gelatine, 
and any foreign matter that is mixed with it, is 
brown off during the boiling in the form of scum. 
f hese are processes which you may see performed in 
gjeat perfection in the' culinary laboratory, by that 
able and most useful chymistthe cook. 
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Caroline^ To what an immense variety of purposes 
■nistry is subservient ! 

Emily. It appears, in that respect,' to have an ad- 
vantage over most other arts and sciences ; for these 
very often have a tendency to confine the imagination 
to their own particular object, whilst the pursuit of 
chymistry is so extensive and diversified, that it in- 
spires a general curiosity, and a desire of inquiring 
into the nature of every object. 

Caroline. I suppose that soup is likewise composed 
of gelatine ; for when cold, it often assumes the con- 
sistence of jelly ? 

Mrs. B. Yes ; all soups contain a quantity cf 
gelatine obtained from meat, and dissolved in water. 
And the various kinds of portable soups consist al- 
most entirely of concentrated jelly, which, in order 
to be made into soup, requires only to be dissolved 
in water. 

Gelatine, in its solid state, is a semiduclile trans- 
parent substance, without either taste or smell. — 
When exposed to heat, in contact with air and water, 
it first swells, then fuses, and finally burns. You 
may have seen the first part of this operation per- 
formed in the carpenter's glue-pot. 

Caroline. But you said that gelatine had no smell, 
and glue has a very disagreeable one. 

Mrs. B. Glue is not purely gelatine ; but like 
size, the smell of which is still more offensive, it re- 
tains some other particles of animal matter. 

Gelatine may be precipitated from its solution in 
water* by alcohol. — We shall try this experiment 
with a glass of warm jelly. — You see that the gela- 
tine subsides by the union of the alcohol and the 
water. — 

Emily. How is it, then, that jelly is flavoured 
with wine, without producing any precipitation ? 

Mrs. B. Because the alcohol contained in wine 
is already combined with water and other ingredi- 
ents, and is therefore not at liberty to act: upon the 
jelly as when in its separate state. Gelatine is solu- 
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ble both in acids and in alkalies ; the former, you 
know, are frequently used to season jellies. 

Caroline. Among the combinations of gelatine we 
must not forget one which you formerly mention : 
that with tannin, to form leather. 

Mrs. B. True ; but you must observe that lea- 
ther can be produced only by gelatine in a membra- 
nous state ; for though pure gelatine and tannin will 
produce a substance chymically similar to leather, 
yet the texture of the skin is requisite to make it an- 
swer the useful purposes of that substance. 

The next animal substance we are to examine is 
albumen : this, although constituting a part of most- 
of the animal compounds, is frequently found insu- 
lated in the animal system ; the white of egg, for 
instance, consists almost entirely of albumen ; the 
substance that composes the nerves, the scrum, or 
white part of the blood, and the curds of milk, are 
little else than albumen variously modified. 

In its most simple state, albumen appears in the 
form of a transparent viscous fluid, possessed of no 
distinct taste or smell ; it coagulates at the low tem- 
perature of 16.5°, and when once solidified, it will 
never return to its fluid state. 

Sulphuric acid and alcohol are each of them capa- 
ble of coagulating albumen in the same manner as 
heat, as I am going to shew you — 

Emily. Exactly so Pray, Mrs. B. what kind of 

action is there between albumen and water ? I have 
sometimes observed, that if the spoon with which E 
eat an egg happens to be wetted, it becomes tar- 
nished. 

It is because the white of egg (and indeed, albumen 
in general) contains a little sulphur, which, at the 
temperature of an egg just boiled, will decompose- 
the drop of water that wets the spoon, and produce 
sulphurated hydrogen gas, which has the property of 
tarnishing silver. 

We may now proceed to Fibrine. This is an in- 
sipid, and inodorous substance, having somewhat -the 
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appearance of fine white threads adhering together i 
it is the essential constituent of muscles or flesh, in 
which it is mixed with and softened by gelatine. It 
js insoluble both in water and alcohol, but sulphuric 
acid converts it into a substance very analogous to 
; gelatine. 

These are the essential and general ingredients of 
animal matter; but there are other substances, which, 
though not peculiar to the animal system, usually 
enter into its composition, ouch as oils, acids, salts, 
&c. 

Animal Oil is the chief constituent of fat ; it is 
contained in abundance in the cream of milk, whence 
h is obtained in the form of butter. 

Emily. Is animal oil the same in its composition 
as vegetable oils ? 

Mrs. B. Not the same, but very analogous. The 
:hief difference is that animal oil contains nitrogen, 
a principle that seldom enters into the composition 
of vegetable oils, and never in so large a proportion. 

There are z few animal acids, that is to say, acids 
peculiar to animal matter, from which they are al- 
most exclusively obtained. 

The animal acids have triple bases of hydrogen, 
carbone, and nitrogen. Some of them are found na- 
tive in animal matter ; others are produced during 
its decomposition. 

Those that we find ready formed are : 

The bembk acid., which is obtained from silk 
worms. * 

The formic acid, from ants. 

The lactic acid, from the whey of milk. 

The sebacic, from oil or fat. 

Those produced during the decomposition of ani- 
mal substances by heat, are the prussic and zoonk 
acids. This last is produced by the roasting of meat, 
and gives it a brisk flavour. 

Caroline. The class of animal acids is not very 
extensive. 
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Mrs. B. No; nor are they, generally speaking, 
of great importance. The prustic acid is, I think, 
the only one sufficiently interesting to require any 
further comment. It can be formed by an artificial 
process, without the presence of any animal matter ; 
and it may likewise be obtained from a variety of ve- 
getables, particularly those of the narcotic kind, such 
as poppies, laurel, &c. But it is commonly obtained 
from blood, by strongly heating that substance with 
caustic potash ; the alkali attracts the acid from the 
blood, and forms with it a prussiat cf potash. From 
this state of combination the prussic acid can be ob- 
tained pure by means of other substances which have 
the power of separating it from the alkali. 

Emily. But if this acid does not exist ready formed 
in blood, how can the alkali attract it from it ? 

Mrs. B. It is the triple basis only of this acid 
that exists in the blood ; and this is developed and 
brought to the state of acid, during the combustion. 
The acid therefore is first formed, and it afterwards 
combines with the potash. 

Emily. Now I comprehend it. But how can the 
prussic acid be artificially made ? 

Airs. B. By passing ammoniacal gas over red hot 
charcoal ; and hence we learn that the constituents 
of this acid are hydrogen, nitrogen, and carbone. — 
The two first are derived from the volatile alkali, the 
last from the combustion of the charcoal. 

Caroline. But this does not accord with the system 
of oxygen being the indispensable principle of aci- 
dity ? 

Mrs. B. It is true ; and this circumstance, to- 
gether with some others of the same kind, has led 
several chymists to suspect that oxygen may not be 
the sole generator of acids, and that acidity may 
possibly depend rather on the arrangement than on 
the presence of any particular principles. 

Caroline. I do not like that idea. For if it were 
founded, all our theory of chymistry must be erro- 
neous. 
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Airs. B. The objection is yet so new and uncon- 
firmed by common experience, that I confess I do 
not feel inclined to distrust the general doctrine of 
acidification which we have hitherto adopted. But 
we have not yet done with the prussic acid. It has 
a strong affinity for metallic oxyds, and precipitates 
the solution of iron in acids of a blue colour. This 
is the prussian blue, or prussiat of iron, so much 
used in the arts, and with which I think you must be 
acquainted. 

I Emily. Yes, I am ; it is much used in painting, 
both in oil and in water colours \ but it is not rec- 
koned a permanent oil colour. 

Mrs. B. That defect arises, I believe, in gene- 
ral, from its being badly prepared, which is the case 
when the iron is not so' fully oxydated as to form a 
red oxyd. For a solution of green oxyd of iron 
(in which the metal is more slightly oxydated), makes 
only a pale green, or even a white precipitate, with 
prussiat of potash; and this gradually changes to blue 
by being exposed to the air — as I can immediately 
shew you — 

Caroline. It already begins to assume a pale blue 
colour. But how does the air produce this change ? 

Mrs. B. By oxydating the iron more perfectly. 
If we pour some nitrous acid on it, the prussian blue 
colour will be immediately produced, as the acid will 
yield its oxygen to the precipitate, and fully saturate 
it with this principle — as you shall see — 

Caroline. It is very curious to see a colour change 
so instantaneously. 

Mrs. B. Hence you perceive that prussian blue 
cannot be a permanent colour unless prepared with 
red oxyd of iron, since by exposure to the atmo- 
sphere it gradually darkens, and in a short time is no 
longer in harmony with the other colours of the paint- 
ing. 

Caroline. But it can never become darker v by ex- 
posure to the atmosphere, than the true prussian blue. 
in which the oxyd is perfectly saturated ? 
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Mrs. B. Certainly not. But in painting, the art- 
ist not reckoning upon partial alterations in his co- 
lours, gives his blue tints that particular shade which 
harmonizes with the rest of the picture. If", after- 
wards those tints become darker, the harmony of the 
colouring must necessarily be destroyed. 

Caroline. Pray, of what nature is the paint called 
carmine ? 

Mrs. B. It is an animal colour, prepared from 
•ochinealy an insect, the infusion of which produces a 
very beautiful red. 

Caroline. Whilst we are on the subject of colours^ 
I should like to learn what ivory Mack is ? 

Mrs. B., It is a carbonaceous substance obtained 
by the combustion of ivory. A more common spe- 
cies of black is obtained from the burning of bone. 

Caroline. But during the combustion of ivory or 
bone, the carbone I should have imagined, must be 
converted into carbonic acid gas, instead of this 
black substance ! 

Airs. B. In this, as in most combustions, a con- 
siderable part of the carbone is simply volatilized by 
the heat, and again obtained concrete on cooling. — 
This colour, therefore, may be called the soot pro- 
duced by the burning of ivory or bone. 
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CONVERSATION XXL 
On the Animal Economy, 

Mrs. B. 

WE have now acquired some idea of the various 
materials that compose the animal system ; but if you 
are curious to know in what manner these substances 
are formed by the animal organs, from vegetable, as 
well as from animal substances, it will be necessary 
to have some previous knowledge of the nature and 
functions of these organs, without which it is impos- 
sible to form any distinct idea of the processes of ani- 
malization and nutrition. 

Caroline. I do not exactly understand the meaning 
of the word animalization ? 

Mrs. B, Animalization is the process by which 
the food is assimilated, that is to say, converted in- 
to animal matter •, and nutrition is that by which 
the food thus assimilated is rendered subservient to 
the purposes of nourishing and maintaining the ani- 
mal system. 

Emily. This, I am sure, must be the most inte- 
resting of all the branches of chymistry 1 

Caroline. So I think ; particularly as I expect that 
we shall hear something of the nature of respiration, 
and of the circulation of the blood ? 

Mrs. B. These functions undoubtedly occupy a 
most important place in the history of the animal 
economy. — But I must previously give you a very 
short account of the principal organs by which the 
various operations of the animal system are per- 
formed.— These are : 
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The Bones, 

Muscles, 
Blcod vessels, 
Lymphatic vessels, 
Glands, and 
Nerves. 

The bones are the most solid part of the animal 
frame, and in a great measure determine its form 
and dimensions. You recolledt, I suppose, what are 
the ingredients which enter into their composition ? 

Caroline. Yes •, phosphat of lime, cemented by- 
gelatine. 

Mrs. B. During the earliest period of animal life 
they consist almost entirely of a gelatinous membrane 
of the form of the bones, but of a loose spongy tex- 
ture, the cells or cavities of which are destined to be 
filled with phosphat of lime ; it is the gradual acqui- 
sition of this salt which gives to the bones their sub- 
sequent hardness and durability. Infants first re- 
ceive it from their mother's milk, and afterwards 
derive it from all animal and from most vegetable 
food, especially farinaceous substances, such as wheat 
flour, which contain it in sensible quantities. A 
portion of the phosphat after the bones of the infant 
have been sufficiently expanded and solidified, is de- 
posited in the teeth, which consist at first of only a 
gelatinous membrane or case, fitted for the reception 
of this salt ; and which, after acquiring hardness 
within the gum, gradually protrude from it. 

Caroline. How very curious this is : and how in- 
geniously nature has first provided for the solidifica- 
tion of such bones as are immediately wanted, and 
afterwards for the formation of the teeth, which 
would not only be useless, but detrimental in in- 
fancy ! 

Mrs. B. In quadrupeds the phosphat of lime is 
deposited likewise in their horns, and in the hair or 
wool with which they are generally clothed. 

In birds it serves also to harden the beaks and the 
quills of their feathers- 



When animals are arrived at a state of maturity, 
and their bones have acquired a sufficient degree of 
solidity, the phosphat of lime which is taken with 
the food is seldom assimilated, excepting when the 
female nourishes her young ; it is then all secreted 
into the milk, as a provision for the tender bones of 
the nursling. 

Emily. So that whatever becomes superfluous to 
one being, is immediately wanted by another ; and 
the child acquires strength precisely by the species of 
nourishment which is no longer necessary to the 
mother. Nature is, indeed, an admirable econo- 
mist I 

Caroline. Pray, Mrs. B. does not the disease in 
the bones of children, called the rickets, proceed 
from a deficiency of phosphat of lime ? 

Mrs. B. I have heard that this disease may arise 
from two causes •, it is sometimes occasioned by the 
growth of the muscles being too rapid in proportion 
to that of the bone3. In this case the weight of the 
flesh is greater than the bones can support, and presses 
upon them so as to produce a swelling of the joints 
which is the great indication of the rickets. The 
other cause of this disorder is an imperfect digestion 
and assimilation of the food, attended with an excess 
of acid, which counteracts the formation of phos- 
phat of lime. In both instances, therefore, care 
should be taken to alter the child's diet, not merely 
by increasing the quantity of aliment containing phos- 
phat of lime, but also by avoiding all food that is apt 
to turn acid on the stomach and produce indigesti- 
on. But the best preservative against complaints of 
this kind is, no doubt, good nursing ; when a child 
has plenty of air and exercise, the digestion and as- 
similation will be properly performed, no acid will 
be produced to interrupt these functions, and the 
muscles and bones will grow together in just propor- 
tions. 

Caroline. I have often heard the rickets attributed 
to bad nursing, but I never could have guessed what 



1 5 2 

connection there was between exercise and the for- 
mation of the bones. 

Mrs. B. Exercise is generally beneficial to all 
the animal functions. If man is destined to labour 
for his subsistence, the bread which he earns is 
scarcely more essential to his health and preservation 
I han the exertions by which he obtains it. Those 
whom the gift of fortune have placed above the ne- 
cessity of bodily labour, are compelled to take exer- 
cise in some mode or other, and when they cannot 
convert it into an amusement, they must submit to it 
as a task, or their health will soon experience the ef- 
fects of their indolence. 

Emily. That will never be my case: for exercise, 
unless it becomes fatigue, always gives me pleasure ; 
andj so far from being a task, is to me a source of 
daily enjoyment. I often think what a blessing it is, 
that exercise which is so conducive to health, should 
be so delightful, whilst fatigue which is rather hurt- 
ful, instead of pleasure occasions painful sensations. 
oo that fatigue, no doubt, was intended to moderate 
our bodily exertions, as satiety puts a limit to our 
appetites ? 

Mrs. B. Certainly. — But let us not deviate too 
far from our subject. — The bones are connected toge- 
ther by ligaments, which consist of a white thick 
ilexible substance, adhering to their extremities, so 
far as to secure the joints firmly, though without im- 
peding their motion. And the joints are moreover 
covered by a solid smooth, elastic, white substance, 
ailed cartilage, the use of which is to allow, by its 
smoothness and elasticity, the bones to slide easily 
over one another, so that the joints may perform 
their office without difficulty or detriment. 

Over the bones the muscles are placed ; they con- 
sist of bundles of fibres which terminate in a kind of 
striag, or ligament, by which they are fastened to 
the bones. The muscles are the organs of motion ; 
by their power of dilatation and contraction they 
put into action the bones, which act as levers in all 
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the motions of the body, and form the solid suppoii. 
of its various parts. The muscles are of various de- 
grees of strength or consistence in different species 
of animals. The mammiferous tribe, or those that 
uekle their young, seem in this respect to occupy 
an intermediate place between birds and cold-blooded 
animals, such as reptiles and fishes. 

Emily. The different degrees of firmness and so- 
lidity in the muscles of these several species of ani- 
mals proceed, 1 imagine, from the different nature 
of the food on which they subsist ? 

Mrs. B. No ; that is not supposed to be the case: 
for the human species, who are of the mammiferous 
tribe, live on more substantial food than birds, and 
yet the latter exceed them in muscular strength. — 
We shall hereafter attempt to account for this diffe- 
rence ; but let us now proceed in the examination of 
the animal functions. 

The next class of organs is that cf the vessels 
of the body, the office of which is to convey the va- 
rious fluids throughout the frame. These vessels 
are innumerable. The most considerable of them are 
those through which the blood circulates, which 
are of two kinds : the arteries,, which convey it from 
the heart to the extremities of the body, and the 
veins, which bring it back into the heart. 

Besides these, there are a numerous set of small 
transparent vessels, destined to absorb and convey 
different fluids into the blood ; they are generally 
called the absorbent or lymphatic vessels : but it is to a 
portion of them only that the function of conveying 
into the blood the fluid called lymph is assigned. 

Emily. Pray what is the nature of that fluid ? 

Mrs. B. The nature and use of the lymph have, 
I believe, never been perfectly ascertained ; but it is 
supposed to consist of matter that has been previ- 
ously animalized, and which, after answering- the 
purpose for which it was intended, must in regular 
rotation make way for the fresh supplies produced by 
nourishment. The lymphatic vessels pump up thic 
G g.2- 



fluid from every part of the system, and convey it in- 
to the veins to be mixed with the blood which runs 
through them, and which is commonly called venous 
blood. 

Caroline. But does it not again enter into the ani- 
mal system through that channel ? 

Mrs. B. ^ Not entirely ; for the venous blood does 
not return into the circulation until it has undergone 
a peculiar change, in which it throws off whatever is 
become useless. 

Another set of absorbent vessels pump up the chyle 
from the stomach and intestines, and convey it, af- 
ter many circumvolutions, into the great vein near 
the heart. 

Emily. Pray what is chyle ? 
Mrs. B. It is the substance into which food is 
converted by digestion. 

Caroline. One set of the absorbent vessels, then, 
is employed in bringing away the old materials that 
are no longer fit for use ; whilst the other set is busy 
in conveying into the blood the new materials that 
are to replace them. 

Emily. What a great variety of ingredients must 
enter into the composition of the blood ! 

Airs. B. You must observe that there is also a 
great variety of substances to be secreted from it. 
"We may compare the Wood to a general receptacle 
or storehouse for all kinds of commodities which are 
afterwards fashioned, arranged, and disposed of as 
circumstances require. 

There is another set of absorbent vessels in females 
which is destined to secrete milk for the nourishment 
of the young. 

Emily. Pray is not milk very analogous in its com- 
position to blood j for, since the nursling derives its 
nourishment from that source only, it must contain 
every principle which the animal system requires? 

Mrs. B. Very true. Milk is found, by its ana- 
lysis, to contain all the principal materials of animal 
matter, gelatine, albumen, oil, and phosphat of lime; 
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so that the suckling has but little trouble to digest 
and assimilate this nourishment.— But we shall ex- 
amine the composition of milk more fully after- 
wards. 

In many parts of the body numbers of small ves- 
sels are collected together in little bundles called 
glands, from a Latin word meaning acorn, on ac- 
count of the resemblance which some of them bear 
in shape to that fruit. The function of the glands 
is to secrete, or separate certain matters from the 
blood. 

The secretions are not only mechanical, but chy- 
mical separations from the blood ; for the substances 
thus formed, though contained in the blood, are not 
ready combined in that fluid. The secretions are of 
two kinds, those which form peculiar animal fluids, 
as bile, tears, saliva, &c. and those which produce 
the general materials of the animal system, for the 
purpose of recruiting and nourishing the several or- 
gans of the body ; such as albumen, gelatine, and 
fibrine ; the latter may be distinguished by the name 
of nutritive secretions. 

Caroline. I am quite astonished to hear that all 
the secretions should be derived from the blood. 

Emily. I thought that the bile was produced by 
the liver ? 

Mrs. B. So it is ; but the liver is nothing more 
than a very large gland, which secretes the bile from 
the blood. 

The 4ast of the animal organs which we have men- 
tioned are the nerves ; these are the vehicles of sen- 
sation, every other part of the body being, of itself 
totally insensible. 

Caroline. They must then be spread throughout 
every part of the frame, for we are every where sus- 
ceptible of feeling. 

Emily. Excepting the nails and the hair. 
Mrs. B. And those are almost the only parts in 
which nerves cannot be discovered. The common 
source of all the nerves is the brain ; thence they ds- 



scend, some of them through different holes of the 
skull, but the greatest part through the back bone, 
and extend themselves by innumerable ramifications 
throughout the whole body. They spread them 
selves over the muscles, penetrate the glands, wind 
round the vascular system, and even pierce into the 
interior of the bones. It is most probably through 
them that the communication is carried on between 
the mind and the other parts of the body ; but in 
what manner they are acted upon by the mind, and 
made to re-act on the body, is still a profound se- 
cret. Many hypotheses have been formed on this 
very obscure subject, but they are all eojjally impro- 
bable, and it would be useless for us to waste our 
time in conjectures on an inquiry which in all pro- 
bability, is beyond the reach of human capacity. 

Caroline. But you have not mentioned those par- 
ticular nerves that form the senses of hearing, seeing, 
smelling, and tasting ? 

Mrs. B. They are considered as being of the 
same nature as those which are dispersed over every 
part of the body, and constitute the general sense of 
feeling. The different sensations which they pro- 
duce arise from their peculiar situation and connec- 
tion with the several organs of taste, smell, and 
hearing. 

Emily. But these senses appear totally different 
from that of feeling ? 

Mrs. B. They are, all of them sensations, but 
variously modified according to the nature of the dif- 
ferent organs in which the nerves are situated. For, 
as we have formerly observed, it is by contact only 
that the nerves are affected. Thus odoriferous par- 
ticles must strike upon the nerves of the nose in or- 
der to excite the sense of smelling, in the same man- 
ner that taste is produced by the particular substance 
coming in contact with the nerves of the palate. It 
is thus also that the sensation of sound is produced 
by the concussion of the air striking against the audi- 
tory nerve ; and sight is the effe&of the light falling; 



upon the optic nerve. These various senses, there- 
fore, are affetted only by the actual contact of parti- 
cles of matter, in the same manner as that of feel- 
ing. 

The different organs of the animal body, though 
easily separable and perfectly distinct, are loosely 
connected together by a kind of spongy substance, 
in texture somewhat resembling net-work, called the 
cellular membrane ; and the whole is covered by the 
skin. 

The skin, as well as the bark of vegetables, is 
formed of three coats. The external one is called 
the cuticle, or epidermis ; the second, which is called 
the mucous membrane, is of a thin soft texture, and 
consists of a mucous substance, which in negroes is 
black, and is the cause of their skin appearing of 
that colour. 

Caroline. Is then the external skin of negroes 
white like ours ? 

Mrs. B. Yes ; but as the cuticle is transparent, 
as well as porous, the blackness of the mucous mem- 
brane is visible through it. The extremities of the 
nerves are spread over the skin, so that the sensation 
of feeling is transmitted through the cuticle. The 
internal covering of the muscles, which is properly 
the skin, is the thickest, the toughest, and most re- 
sisting of the whole; it is this membrane that is so 
essential in the arts, by forming leather when com- 
bined with tannin. 

The skin which covers the animal body, as well as 
those membranes that form the coats of the vessels, 
consist almost exclusively of gelatine ; and are capa- 
of being converted into glue, size, or jelly. 

The cavities between the muscles and the skin are 
usually filled with fat, which lodges in the cells of 
the membranous net before mentioned, and gives to 
the external form (especially in the human figure), 
hat roundness, °moothness, and softness, so essen- 
tial to beauty, 
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Emily. And the skin itself is, I think, a very or- 
namental part of the human frame, both from the 
fineness of its texture, and the variety and delicacy 
of its tints. 

Mrs. B. This variety and harmonious gradation 
of colours, proceed, not so much from the skin itself, 
as from the internal organs which transmit their se- 
veral colours through it, these being only softened 
and blended by the colour of the skin, which is uni- 
formly of a yellowish white. 

Thus modified, the darkness of the veins appears 
of a pale blue colour, and the floridness of the arte- 
ries is changed to a delicate pink. In the most trans- 
parent parts, the skin exhibits the bloom of the rose, 
whilst where it is more opaque its own colour predo- 
minates; and at the joints, where the bones are most 
prominent, their whiteness is often discernible. In 
a word every part of the human frame seems to con- 
tribute to its external grace ; and this not merely by 
producing a pleasing variety of tints, but by a pecu- 
liar kind of beauty which belongs to each individual 
part. Thus it is to the solidity and arrangement of 
the bones that the human figure owes the grandeur 
of its stature, and its firm and dignified deportment. 
The muscles delineate the form, and stamp it with 
energy and grace ; and the soft substance which is 
spread over them smooths their ruggedness, and 
gives to the contours the gentle undulations of the 
line of beauty. Every organ of sense is a peculiar 
and separate ornament ; and the skin, which po- 
lishes the surface and gives it that charm of colouring 
so inimitable by art, finally conspires to render the 
whole the fairest work of the creation. 

But now that we have seen in what manner the 
animal frame is formed, let us observe how it pro- 
vides for its support, and how the several organs, 
which form so complete a whole, are nourished and 
maintained. 

This will lead us to a more particular explanation 
of the internal organs ; here we shall not meet with 
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so much apparent beauty, because these parts were 
not intended by nature to be exhibited to view ; but 
the beauty of design, in the internal organization of 
the animal frame, is, if possible, still more striking 
than that of the external part. 
We shall defer this subject till our next interview. 



CONVERSATION XXII. 
On Animalizatiotiy Nutrition, and Respiration, 

Mrs. B. 

We have now learnt of what materials the animal 
system is composed, and have formed some idea of 
the nature of its organization. In order to com- 
plete the subject, it remains for us to examine in 
what manner it is nourished and supported. 

Vegetables we have observed, obtain their nou- 
rishment from various substances, either in their 
elementary state, or in a very simple state of combi- 
nation ; as carbone, water, and salts, which they 
pump up from the soil •, and carbonic acid and oxy- 
gen, which they absorb from the atmosphere. 

Animals, on the contrary, feed on substances of 
the most complicated kind j for they derive their 
sustenance, some from the animal creation, others 
from the vegetable kingdom, and some from both. 

Caroline. And there is one species of animals, 
which, not satisfied with enjoying either kind of food 
in its simple state, has invented the art of combining 
them together in a thousand ways, and of rendering 
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*ven the mineral kingdom subservient to their re 
imements. 

Emily. Nor is this all ; for our delicacies are col- 
lected from the various climates of the earth, so that 
the four quarters of the globe are often obliged to 
contribute to the preparation of our simplest dishes. 

Caroline. But the very complicated substances 
which constitute the nourishment of animals, do not, 
I suppose, enter into their system in their achial 
state of combination. 

Mrs. B. So far from it, that they not only un- 
dergo a new arrangement of their parts, but a selec- 
tion is made of such as are most proper for the nou- 
rishment of the body, and those only enter into the 
system and are animalized. 

Emily. And by what organs is this process per- 
formed ? 

Mn. B. Chiefly by the stomach, which is the 
organ of digestion and the prime regulator of the 
animal frame. 

Digestion is the first step towards nutrition. It 
consists in reducing into one homogenous mass the 
various substances that are taken as nourishment ; it 
is performed by first chewing and mixing the solid 
aliment with the saliva, which reduces it to a soft 
mass, in which state it is conveyed into the stomach, 
where it is more completely dissolved by the gastric 
juice. 

This fluid (which is secreted into the stomach by 
appropriate glands) is so powerful a solvent that 
scarcely any substances will resist its acYion. 

Emily. The coats of the stomach however, can- 
not be attacked by it, otherwise we should be in 
danger of having them destroyed when the stomach 
was empty. 

Mrs. B. They are probably not subject to its ac- 
tion ; as long at least as life continues. But it ap- 
pears, that when the gastric juice has no foreign sub- 
stance to act upon, it is capable of occasioning a de- 
gree of irritation in the coats of the stomach, which 
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produces the sensation of hunger. The gastric juice 
together with the heat and muscular action of the 
-tomach, converts the aliment into a uniform pulpy 
mass called chyme. This passes into the intestines, 
where it meets with the bile and some other fluids, 
by the agency of which, and by the operation of 
-other causes hitherto unknown, the chyme is chan- 
ged into chyle, a much thinner substance, somewhat 
resembling milk, which is pumped up by immense 
numbers of small absorbent vessels spread over the 
•nternal surface of the intestines. These, after ma- 
ny circumvolutions, gradually meet and unite into 
'arge branches, till they at length colleft the chyle into 
one vessel, which pours its contents into the great 
vein near the heart, by which means the food, thus 
prepared, enters into the circulation. 

Caroline. But I do not yet clearly understand how 
the blood, thus formed, nourishes the body and sup- 
?hes all the secretions. 

Mrs. B. Before this can be explained to you, 
you must first allow me to complete the formation of 
the blood. The chyle may indeed be considered as 
forming the chief ingredient of blood ; but this flu- 
d is not perfect until it has passed through the lungs, 
and undergone (together with the blood that has al- 
ready circulated) certain necessary changes that are 
effected by respiration. 

Caroline. I am very glad that you are going to 
explain the nature of respiration : I have often long- 
ed to understand it, for though we talk incessantly 
oi breathing, I never knew precisely what purpose it 
answered. 

Mrs. B. It is indeed one of the most interesting 
processes imaginable \ but in order to understand 
this function well, it will be necessary to enter into 
^ome previous explanations. Tell me, Emily, what 
do you understand by respiration ? 

Emily Respiration, I conceive, consists simply [v 
froTthe tmpiri " g air int ° the lun S s > and «^"4 & 
H h 



Airs. B. Your answer will do very well as a ge- 
neral definition. But, in order to form a tolerably 
clear notion of the various phenomena of respiration, 
there are many circumstances to be taken into con- 
sideration. 

In the first place, there are two things to be dis- 
tinguished in respiration, the mechanical and the c,';- 
mical part of the process. 

The mechanism of breathing depends on the alter- 
nate expansions and contractions of the chest, in 
which the lungs are contained. When the chest di- 
lates the cavity is enlarged, and the air rushes in at 
the mouth, to fill up the vacuum formed by this di- 
latation ; when it contracts, the cavity is diminished, 
and the air forced out again. 

Caroline. I thought that it was the lungs that 
contracted and expanded in breathing ? 

Mrs. B. They do likewise ; but their action is 
only the consequence of that of the chest. The 
lungs, together with the heart and the largest blood 
vessels, in a manner fill up the cavity of the chest; 
they could not, therefore, dilate if the chest did 
not previously expand ; and, on the other hand, 
when the chest contracts, it compresses the lungs 
and forces the air out of them. 

Caroline. The lungs, then, are like bellows, and 
the chest is the power that works them. 

Mrs, B. Precisely so. Here is a curious little 
figure [Plate XI. Fig. 29), that will assist me in ex- 
plaining the mechanism of breathing. 

Caroline. What a droll figure ! a little head fixed 
upon a glass bell, with a bladder tied over the bot- 
tom of it ! 

Mrs. B. You must observe that there is another 
bladder within the glass, the neck of which commu- 
nicates with the mouth of the figure— this repre 
the lungs contained within the ches t ; the < 
Madder, which you see is tied bote, represents a 
muscular membrane, called the diaphragm, wl 
best from the lower part of the !<■ 



By the chest, therefore, I mean that large cavity in 
the upper part of the body contained within the ribs, 
the neck, and the diaphragm ; this membrane is 
muscular and capable of contraction and dilatation. 
The contraction may be imitated by drawing the 
bladder tight over the bottom of the receiver, 
when the air, in the bladder which represents the 
lungs, will be forced out through the mouth of the 
iigure — 

Emily. See, Caroline, how it blows the flame of 
the candle in breathing! 

Mrs. B. By letting the bladder loose again, we 
imitate the dilatation of the diaphragm, and the ca- 
vity of the chest being enlarged, the lungs expand, 
and the air rushes in to fill them. 

Emily. This figure, I think, gives a very clear 
idea of the process of breathing. 

Mrs. B. It illustrates tolerably well the action of 
*ka lungs and diaphragm ; but those are not the only- 
powers that are concerned in enlarging or diminish- 
ing the cavity- of the chesty the rite aro alco- pos- 
sessed of a muscular motion for the same purpose ; 
they are alternately drawn in edgeways to assist the- 
contraction, and stretched out, like the hoops of a 
barrel, to contribute to the dilatation of the chest. 

Emily. I always supposed that the elevation and 
depression of the ribs were the consecmence, not the 
cause, of breathing. 

Mrs. B. It is exactly the reverse. The museu^ 
lar action of the diaphragm, together with that oi 
the ribs, are the causes of the contraction and expan- 
sion of the chest", and the air rushing into, and being 
expelled from the lungs, are only consequences of 
those actions. 

Caroline. I confess that I thought the ait of 
breathing began by opening the mouth for the air to 
rush in, and that it was the air alone, which, by al- 
ternately rushing in and out, occasioned the dilata- 
tions and contractions of the lungs and chest, 



Mrs. B. Try the experiment of merely opening 
your mouth ; the air will not rush in, till by an inte- 
rior muscular action you produce a vacuum — yes, just 
so, your diaphragm is now dilated, and the ribs ex- 
panded. But you will not be able to keep them long 
:n that state. Your lungs and chest are already resu- 
ming their former state, and expelling the air with 
which they had just been filled. This mecha- 
nism goes on more or less vapidly, but, in general, 
;-. person at rest and in health will breathe between 
;;fteen and twenty five times in a minute. 

We may now proceed to the chymical effects of re- 
-piration ; but, for this purpose, it is necessary that 
you should previously have some notion of the cites- 
lotion oi the blood. Tell me, Caroline, what do you- 
understand by the circulation of the blood ? 

Caroline. I am delighted that you come to thai 
Subject, for it is one that has long excited my curio- 
ity. But I cannot conceive how it is connected w»*J* 
respiration. The idea I have of the circulation, is, 
that the blood runs from thp heart through the 
veins all over the body, and back again to the heart. 

Mrs. B. I could hardly have expected a better 
definition from you \ it is, however, not quite correct, 
for you do not distinguish the arteries from the vans, 
•which, as we have already observed, are two distinct 
nets of vessels, each having its own particular func- 
;ion;;. The arteries convey the blood from the 
heart to the extremities of the body ; and the veins 
bring it back to the heart. 

This sketch will give you an idea of the manner 
n which some of the principal veins and arteries of 
the human body branch out of the heart, which 
may be considered as a common centre to both 
sets of vessels. The heart is a kind of strong elastic 
bag, or muscular cavity, which possesses a power or 
dilating and contracting itself, for the purpose of al- 
ternately receiving and expelling the blood, in order 
to carry on the process of circulation. 

Emtly. Why are the arteries in this drawing 
painted red, and the veins purple ? 
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ffirfi B. It is to point out the difference of the 
.olour of the blood in these two sets of vessels. 

Caroline. But if it is the same blood that flow, 
from the arteries into the veins, how can its colour 
be changed ? 

Mrs. B. This change arises from various circum- 
stances. In the first place, during its passage 
through the arteries, the blood undergoes a consi- 
derable alteration, some, of its constituent parts being 
gradually separated from it for the purpose of nou- 
rishing the body, and of supplying the various secre- 
tions. The consequence of this is that the florid ar- 
terial colour of the blood changes by degrees to a 
iecp purple, which is its constant colour in the veins. 
On the other hand, the blood is recruited during its 
return through the veins by the fresh chyle, or im- 
perfect blood, which has been produced by food ; 
and it receives also lymph from the absorbent vessels, 

we have before mentioned. In consequence of 
these several changes, the blood returns to the heart 
in a state very different from that in which it left it. 
It is loaded with a greater proportion of hydrogen- 
andcarbone, and is no longer fit for the nourishment 
of the body or other purposes of circulation. 

Emily. And in this state does it mix in the heart 
with the pure florid blood that runs into the arteries ? 

Mrs. 3. No. The heart is divided into two ca- 
vities or companions, called the right and left ven- 
tricles. The left ventricle is the receptacle for the 
pure arterial blood previous to its circulation ; whilst 
the venous,, or impure blood, which returns tp the 
heart after having circulated, is received into the 
right ventricle, previous to its purification, which I 
shall presently explain. 

Caroline. For my part, I always thought that the 
same blood circulated again and again through the 
body, without undergoing any change. 

Mrs. B. Yet you must have supposed that the 
blood circulated for some purpose ? 
H.h 2- 
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Caroline. I knew that it was indispensable to life, 
but had no idea of its real functions. 

Mrs. B. But now that you understand that the 
blood conveys nourishment to every part of the body, 
and supplies the various secretions, you must be sen- 
sible that it cannot constantly answer these object:, 
without being renovated and purified. 

Caroline. But does not the chyle answer this pur- 
pose ? 

Mrs. B. Only in part. It renovates the nutritive 
principles of the blood, but does not relieve it from 
the superabundance of hydrogen and carbone with 
which it is incumbered. 

Emily How then is this effected ? 
Mrs. B. By .Respiration. This is one of the 
grand mysteries which modern chymistry has dis- 
closed. When the venous blood enters the left ven- 
tricle of the heart, it contracts by its muscular power, 
and throws the blood through a large vessel into the 
lungs, which are contiguous, and through which it 
circulates by millions of small ramifications. Here 
it comes in contact with the air which we breathe. 
The action of the air or the blood in the lungs is in- 
deed concealed from our immediate observation t . 
but we are able to form a tolerably accurate judg- 
ment of it from the changes which it effects not only 
n the blood, but also on the air expired. 

This air is found to contain all the nitrogen in- 
spired, but to have lost part of its oxygen, and to 
have acquired a portion of watery vapour. Hence 
it is inferred, that when the air comes in contact with 
the venous blood in the lungs, the oxygen attra&s 
from it the superabundant quantity of hydrogen and 
carbone with which it has impregnated itself during 
the circulation j and that one part of that oxygen 
combines with the hydrogen, in the form of watery 
vapour, whilst another part combines with the carbone, 
which it converts into carbonic acid. The whole of 
these products being then expired, the blood is re- 
Stored to its former purity, that is, to. the state of ar-. 



terial blood, and is thus again enabled to perform its 
various functions. 

Caroline. This is truly wonderful ! Of all that 
we have yet learned, I do not recollect any thing 
that has appeared to me so curious and interesting. 
I almost believe that I should like to study anatomy 
now, though I have hitherto had so disgusting an 
idea of it. Pray, to whom are we indebted for these 
beautiful discoveries ? 

Mrs. 7?. Crawford, in this country, and Lavoi- 
sier, in France, are the principal inventors of the 
theory of respiration. But the still more important 
and more admirable discovery of the circulation of 
the blood was made long before by our immortal 
countryman Hervey. 

Emily. Indeed I never heard any thing that de- 
lighted me so much as this theory of respiration. 
But I hope, Mrs. B. that ycu will enter a little more 
:nto particulars before you dismiss so interesting a 
subject. We left the blood in the lungs to undergo 
the salutary change. But how does it thence spread 
to all the parts of the body ? 

Mrs. B. After circulating through the lungs, the 
blood is collected into four large vessels, by which it 
is conveyed into the left ventricle of the heart, 
whence it is propelled to all the different parts of the 
body by a large artery which gradually ramifies into 
millions of small arteries through the whole frame. 
From the extremities of these little ramifications the 
blood is transmitted to the veins, which bring it back 
to the heart and lungs, to go round again and again 
in the manner we have just described. Y©u see, 
therefore, that the blood actually undergoes two cir- 
culations ; the one, through the lungs, by which it is 
converted into pure arterial blood ; the other, or gene- 
ral circulation, by which nourishment is conveyed to 
every part of the body ; and these are both equally 
indispensable to the support of animal life. 

Caroline. Do we expire all the air that we inspire, 
besides the addition of hydrogen, and carbone which 
are taken up from the blood ? 
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Mrs. B. Yes, excepting small portions of the 
oxygen, and of the nitrogen, which, as they do not 
reappear, are supposed to be absorbed by the blood 
for some purposes which have not yet been clearly as- 
certained. The general opinion, however, with re- 
gard to oxygen, is, that it serves to stimulate the 
heart and keep up its muscular a&ion. As to the 
nitrogen, it was supposed to be expired from the 
lungs, without any change or diminution. But it 
was proved a few years ago, by some of Mr. Davy's 
experiments, which have been since confirmed by 
those of Professor Piaff of Kiel, that a small quantity 
of nitrogen disappears in respiration, and combines 
with the system in a manner which is not yet well 
understood. 

Emily. But whence proceeds the hydrogen and 
carbone with which the blood is impregnated when 
it comes into the lungs ? 

Mrs. B. Both hydrogen and carbone exist in a 
greater proportion in blood than in organized animal 
matter. The blood, therefore, after supplying its 
various secretions, becomes loaded with an excess of 
these principles, which is carried off by respiration.. 
But, besides this* the formation of new chyle affords 
a constant supply of carbone and hydrogen. 

Caroline. Pray, how does the air come in contact 
with the blood in the lungs ? 

Mrs. B. I cannot answer this question without 
entering into an explanation of the nature and struc- 
ture of the lungs. You recollect that the venous 
blood on being expelled from the right ventricle, en- 
ters the- lungs to go through what we may call the 
lesser circulation ; the large trunk or vessel that con- 
veys it, branches out, at its entrance into the lungs, 
into an infinite number of very fine ramifications. — 
The windpipe, which conveys the air from the mouth 
into the lungs, likewise spreads out into a corre- 
sponding number of air vessels, which follow the 
same course as the blood vessels, forming millions of 
^ery minute air cells. These two sets of vessels arc 
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interwoven as to form a sort of net-work, con- 
nected into a kind of spongy mass, in which every 
particle of blood must necessarily come in contaft with 
a particle of air. 

Caroline. But since the blood and the air are con- 
tained in different vessels, how can they come into 
contact ? ' 

Mrs. B. They aft on each other through the 
membrane which forms the coats of these vessels ; 
for akhbug& this membrane prevents the blood and 
the air from mixing together in the lungs, yet it is 
no impediment to their chymieal aftion on each 
other. 

hmilf. Are the kings composed entirely of blood 
vessels and air vessels ? 

Mrs. B. I believe they 2re with the addition 
only of nerves and of a small quantity of the cellu- 
lar substance before mentioned, which connefts the 

. Emily. Pray, why are the lungs always spoken of 
in the plural number ? is there more than one ? 

Mrs. B. Yes ; for though they form but one or- 
gan, they really consist of two compartments called 
hhs, which are enclosed in separate membranes or 
bags, each occupying one side of the chest, and be- 
ing in close contaft with each other, but without 
communicating together. This is a beautiful provi- 
sum of nature, in consequence of which, if one of 
the lobes be wounded, the other performs the whole 
process of respiration till the first is healed. 

But, before we proceed further, I must inform you 

rhat the ehymicart theory of respiration, with which 

ive just been made acquainted, simple and beau- 

it is, has appeared to many philosophers insuf- 

'o explain all the phenomena of respiration. 

Amongst the various modifications proposed, with a 

view to improve this theory, that suggested by La 

Grange, Hascenfratz, and some other eminent chy- 

nr.sts, appears to be the most important. These phi- 

ippose that the oxygen, which disappear:-; 
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in respiration, is absorbed by the blood, and carried 
with it into the circulation, during which it gradu- 
ally combines with the hydrogen and carbone that 
are successively added to the circulation, forming the 
water and carbonic acid which are expelled from the 
lungs at each expiration. Thus the process, instead 
of being completed in the lungs, as the former the- 
ory supposes, only begins in that organ, and conti- 
nues throughout the circulation. 

According to this theory, the florid colour of ar- 
terial blood depends upon the addition of oxygen, so 
that this colour gradually vanishes as the blood passes 
from the arterial to the venous state, that is to say, 
as the oxygen enters into combination with the hy- 
drogen and carbone during circulation. 

Caroline. There docs not apppear to me to be any 
very essential difference in these two theories, since 
in both the oxygen purifies the blood by combining 

until aiid rnrrp-Dg ofcFttio matter wt>J;-h ixzA irfn»u- 

lated in it during circulation. 

Mrs. B. Yes; but, in medical, or rather phisi- 
ological science, it must be a question of great im- 
portance, whether the oxygen actually enters the 
circulation, or whether it proceeds no further than 
the lungs. 

The blood thus completed, forms the most com- 
plex of all animal compounds, since it contains not 
only the numerous materials necessary to form the 
various secretions, as saliva, tears, &e. but likewise, 
all those that are recmired to nourish the several 
parts of the frame, as the muscles, bones, nerves, 
glands, &c. 

Emily. There seems to be a singular analogy be- 
tween the blood of animals, and the sap of vegeta- 
bles ; for each of these fluids contain the several 
materials destined for the nutrition of the numerous 
class of bodies to which they respectively belong, 

Mrs. B. Nor is the production of these fiui 
the animal and vegetable systems entirely different \ 
for the absorbent vessels, which pump up the 
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from the stomach and intestines, may oe compared 
to the absorbents of the roots of plants, which suck 
up the nourishment from the soil. And the analogy 
between the sap and the blood may be still further 
traced, if we follow the latter in the course of its cir- 
culation ; for in the living animal, we find every 
where organs which are possessed of a power to se- 
crete from the blood and appropriate to themselves 
the ingredients requisite for their support. 

Caroline. But whence do these organs derive 
their respective powers ? 

Mrs. B. From peculiar organization, the secret 
of which no one has yet ever been able to unfold. 
But it must be ultimately by means of the vital prin- 
ciple that both their mechanical and chymical pow- 
ers are brought into action. 

I cannot dismiss the subject of circulation without 
mentioning perspiration, a secretion which is imme- 
diately connected with it, and acts a most important 
part in the animal economy. 

Caroline. Is not this secretion likewise made by 
appropriate glands ? 

Mrs B. No ; it is performed by the extremities 
of the arteries, which penetrate through the skin and 
terminate under the cuticle, through the pores of 
which the perspiration issues. When this fluid is 
not secreted in excess, it is insensible, because it is 
dissolved by the air as it exudes from the pores: but 
when it is secreted faster than it can be dissolved, it 
becomes sensible, as it assumes its liquid state. 

Emily. This secretion bears a striking resemblance 
to the transpiration of the sap of plants. They both 
consist of the most fluid parts, and both exude from 
the surface by the extremities of the vessels through 
which they circulate. 

Mrs. B. And the analogy does not stop there j 
for, since it has heen ascertained that the sap returns 
into the roots of the plants, the resemblance between 
the animal and vegetable circulation is become still, 
more obvious. The latter, however, is far from be- 
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ing complete, since, as we observed before, it con- 
sists only in a risinng and descending of the sap, whilst 
in animals the blood actually circulate.' through every 
part of the system. 

We have now, I think, traced the process of nu- 
trition from the introduction of the food into the sto- 
mach to its finally becoming a constituent part of the 
animal frame. This will, therefore, be a fit period 
to conclude our present conversation. What further 
remarks we have to make en the animal economv 
shall be reserved for our next interview. 



CONVERSATION XaIL. 
Qu Animal Heat : and on various Animal Pru. 

Emily, 

SINCE our last interview, I have been thinking 
much of the theory of respiration ; and I cannot 
help being struck with the resemblance which it ap-_ 
pears to bear to the process of combustion. For in 
respiration, as in most cases of combustion, the air 
suffers a change, and a portion of its oxygen com- 
bines with hydrogen and carbone, producing carbo- 
nic acid and water. 

Mrs. B. I am much pleased that this idea has oc- 
curred to you : these two processes appear so very 
analogous, that it has been supposed that a kind of 
combustion actually takes place in the lungs ; not of 
die blood, but of the superfluous hydrogen and car- 
£»one which the oxygen attracts from ft, 
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lute. A combustion in our lungs ! that is a 
- arious idoa indeed ! But, Mrs. B. how can you call 
•he action of the air on the blood in the lungs, com- 
bustion, when neither light nor heat are produced 

tily. I was going to make the same objection. 
Yet I do not conceive how the oxygen can combine 
with the hydrogen and carbone, and produce water 
and carbonic acid, without disengaging heat ? 

Mrs. B. The fact is, that heat is disengaged. 
Whether any light be evolved, I -cannot pretend to 
determine •, but that heat is produced in considera- 
ble 3nd very sensible quantities is certain, and this is 
the principal, if not the only source of animal 

Emily. How wonderful! that the very process 
which purifies and elaborates the blood, should af- 
ford an inexhaustible supply of internal heat ! 

Mrs. B. This is the theory of animal heat in its 
original simplicity, such as it was first proposed by 
Black and Lavoisier. It is equally clear and inge- 
nious •, and was at first generally adopted. But it 
was objected, on second consideration, that if the 
whole of the animal heat was evolved in the lungs, it 
would necessarily be much less in the extremities of 
the body, than immediately at its source ; which is 
not found to be the case. This objection, however, 
which was by no means Frivolous, is now satisfacto- 
rily answered by means of the improved theory of 
respiration which I mentioned last. According to 
this hypothesis, you recollect, the changes which the 
blood undergoes in consequence of respiration only 
begin in the lungs and gradually continue during cir- 
culation. Therefore the animal heat, which is the 
consequence of those changes, likewise begins in the 
lungs, and afterwards continues during the whole 
circulation ■, and heat is thus uniformly diffused 
throughout every part of the body. 

Caroline. More and more admirable ■ 
i i 
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Airs. B. Now let me hear whether you can ex- 
plain how animal heat is produced. You, Caroline, 
tell me in what manner it is first evolved in the 
lungs ? 

Caroline. Part of the oxygen gas inspired, im- 
mediately combines in the lungs with the loose car- 
bone and hydrogen of the venous blood-, and the 
caloric evolved during this combination, becomes ani- 
mal heat. 

Mrs. B. Very well ; but you must observe, that 
the whole of the oxygen inspired at a breath is not 
consumed by one respiration : a considerable part of 
it is expired, so that we may breathe the same portion 
of air several times before the whole of the oxygen 
is expended. — Now, Emily, will you explain to Vie 
in what manner an uniform degree of heat is kept up 
throughout the body ? 

Emily. A quantity of oxygen enters into the cir- 
culation during which it gradually combines with the 
hydrogen and carbone of the blood, thus producing 
a constant disengagement of heat throughout every 
part of the body. 

Mrs. B. Very well, indeed. You have in a 
few words stated nearly all that can be said on the 
subject. I must, however, mention another circum- 
stance which may contribute to account for the gra- 
dual evolution of animal heat. It appears, from 
some experiments, that the blood, in consequence 
of the successive changes it undergoes during circu- 
lation (by which it is gradually converted from arte- 
rial into venous blood), has its capacity for calo- 
ric diminished. What must be the consequence of 
this ? 

Emily. That heat, of course, must be disengaged. 

Mrs. B. Exactly so; and thus an additional quan- 
tity of animal heat must be generated. However, 
the heat produced in this way is but trifling, and 
could only account for a very small portion of the 
nal temperature. 



The cause of animal heat was always a 
perfect mystery to me, and I am delighted with Us 
explanation. — But pray, Mrs. B. can you tell me 
what is the reason of the increase of heat that takes 
place in a fever ? 

Emily Is it not because we then breathe quicker, 
and therefore more heat is disengaged in the sys- 
tem ? 

Mrs. B. That may be one reason : but I should 
think that the principal cause of the heat experienced 
in fevers, is, that there is no vent for the caloric 
which is generated in the body. One of the most 
considerable secretions is the insensible perspiration ; 
this is constantly carrying off caloric in a latent 
state •, but during the hot stage of a fever, the pores 
are so contracted that all perspiration ceases, and the 
accumulation of caloric in the body occasions those 
burning sensations that are so painful. 

Emily. This is, no doubt, the reason why the 
perspiration that often succeeds the hot stage of a fe- 
ver affords so much relief. If I had known this 
fheory of animal heat when I had a fever last sum- 
mer, I think I should have found some amusement 
in watching the chymical processes that were going 
on within me. 

Caroline. But exercise likewise produces animal 
heat, and that must be quite in a different man- 
ner. 

Mrs. B. Not so much so as you think ; for the 
more exercise you take, the more the body is stimu- 
lated, and requires recruiting. For this purpose the 
circulation of the blood is quickened, the breath pro- 
- portionably accelerated, and consequently a greater 
quantity of caloric evolved. 

Caroline. True ; after running very fast, I gasp 
for breath, my respiration is quick and hard, and it 
is just then that I begin to feel hot. 

Emily. It would seem, then, that violent exercise 
should produce fever. 






i ;-. B. Not if the person is in a 
health ; for the additional caloric is then carried oft' 
by the perspiration which snccecds. 

Emi-fy. What admirable resources nature has pro- 
vided for us ! By the production of animal heat she 
has enabled us to keep up the temperature of our 
bodies above that of inanimate object ; and when- 
over this source becomes too abundant, the excess is 
•-arned off by perspiration. 

Airs. B. It is by the same law of nature that we are 
enabled, in all climates, and in all seasons, to pre- 
serve our bodies of an equal temperature, or at least 
"•'ery nearly so. 

Carolina You cannot mean to say that our b< 
are of the same temperature \n summer and in 
*er, in England and in the West Indies ? 

Mrs. B. Yes, I do ; at least if you speak of the 
temperature of the blood, and the internal parts of 
the body ; for those parts that are immediately in 
contact ^ with the atmosphere, such as the hands and 
face, will occasionally get warmer, or colder, than the 
internal or more sheltered parts. But if you put the 
bulb of a thermometer in your mouth, which is the 
best way of ascertaining the real temperature of your 
body, you will scarcely perceive any difference in its 
indication, whatever may be the difference of tem- 
perature of the atmosphere. 

Caroline. And when I feel overcome bv heat, I 
am really not hotter than when I am shivering with 
: old ? 

Mrs, B. When a person in health fjels very I 
whether from internal heat, from violent exercise, 
or from the temperature ©f the atmosphere, his body 
'is certainly a little warmer than when he feels very 
< old ; but this difference is much smaller than our 
;ensitions would make us believe; and the natural 
standard is soon restored by rest and perspiration. I 
am sure you will be surprised to hear that the inter- 
nal temperature of the body scarcely ever descends 
below 95° or 96°, and hardly ever attains 104° o* 
IQ5 3 even in the most violent fevers. 



Emily. The greater quantity of caloric, therefore, 

it we receive from the atmosphere in summer, 
cannot raise the temperature of our bodies, beyond 
certain limits, as it does that of inanimate bodies, be- 
cause an excess of caloric is carried off by perspira- 
tion. 

Caroline But the temperature of the atmosphere, 
and consequently that of inanimate bodies, is surely 
never so high as that of animal heat ? 

Mrs. B. I beg your pardon. Frequently in the 

>t and West Indies, and sometimes, in the south- 
ern parts of Europe, the atmosphere is above 98 ' J „ 
which is the common temperature of animal heat.— 
Indeed, even in this country, it occasionally happens 
that the sun's rays, setting full on an object, elevate 
its temperature above that point. 

In illustration of the power which our bodies have 
to resist the effects of external heat, Sir Charles 
Blagden, with some other gentlemen, made several 
very curious experiments-. He remained for some 
time in an oven heated to a temperature not much 
inferior to that of boiling water, without suffering" 
any other inconvenience than a profuse perspiration, 
which he supported by drinking plentifully. • 

Emily. He could scarcely consider the perspiration > 
as an inconvenience, since it saved him from being ; 
baked, by giving vent to the excess of caloric. 

Caroline. I always thought, I confess, that it was 
from the heat of the perspiration that we suffered in ■ 
summer. 

Mrs. B. You now find that you were quite mis- 
taken. Whenever evaporation takes place, cold s , 
you know, is produced in consequence of a quantity 
of caloric being carried off in a latent state ; this is 
the case with perspiration, and it is in this way that 
it affords relief. It is for the same reason that tea 
is often refreshing in summer, though it appears to 
heat you at the moment you drink it. 

Emily. And in winter, on the contrary, tea is 
pleasant on account of its heat ? 
\\% 
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Mrs. B. Yes ; for we have then rather to guard 
against a deficiency than an excess of caloric, and 
you do not find that tea will excite perspiration in 
winter, unless after dancing, or any other violent 
exercise. 

Caroline. What is the reason that it is dangerous 
to eat ice after dancing, or to drink any thing cold 
when one is very hot ? 

Mrs. B. Because the loss of heat arising from the 
perspiration, conjointly with the chill occasioned by 
the cold draught, produces more cold than can be 
borne with safety, unless you continue to use the 
same exercise after drinking that you did before; 
for the heat occasioned by the exercise will counteract 
the effects of the cold drink, and the danger will be 
removed. You may, however, contrary to the com- 
mon notion, consider it as a rule, that cold liquids 
may at ail times, be drunk with perfect" safety, how- 
ever hot you may feel, provided you are not at the 
moment in a state of great perspiration, and on con- 
dition that you keep yourself in gentle exercise after- 
wards. 

Emily. But since we are furnished with such re- 
sources against the extremes of heat or cold, I should 
have thought tliat all climates would have been equal- 
v wholesome. 

Mrs. B. That is true, in a certain degree, with 
regard to those who have been accustomed to them 
from birth ; for we find that the natives of those 
climates, which we consider as the most deleterious, 
are as healthy as ourselves; and if such climates are 
unwholesome to those who are habituated to a more 
moderate temperature, it is because the animal eco- 
nomy does not easily accustom itself to considerable 
changes. 

Caroline. But pray, Mrs. B. if the circulation 
preserves the body of an uniform temperature, how 
does it happen that animals are sometimes frozen ? 

Mrs. B. Because if more heat is carried off by 
the atmosphere than the circulation can supply; the 
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cold will finally prevail, the heart will cease to bear r 
and the animal will be frozen. And likewise, 
body remained long exposed to a degree of heat, 
greater than the perspiration could carry off, it would 
at last lose the power of resisting its destructive in- 
fluence. 

Caroline. Fish, I suppose, have no animal heat, 
but partake of the temperature of inanimate ob- 
jects ? 

Emily. And their coldness, no doubt, proceeds 
from their not breathing ? 

Mrs. B. All kinds of fish, I believe, breathe 
more or less, though in a much smaller degree than 
land animals. Nor are they entirely destitute of ani- 
mal heat, though for the same reason they are mueh 
colder than other creatures. They have compara- 
tively but a very small quantity of blood, therefore 
but little oxygen is required, and a proportionally 
small quantity of animal heat is generated. 

Caroline. But how can fish breathe under water ? 
Mrs. B. Some of them raise their heads above 
the water to breathe ; and others are supposed to be 
endowed by nature with the power of decomposing 
water and absorbing oxygen from it. Besides, water 
always contains air mixed with it, which the fish, 
may possibly apply to the purposes of respiration. 
Whatever the case may be, it is certain- that seve- 
ral kinds of fish have reservoirs of air, or air bags, 
from which they have probably the means of supply- 
ing the gills, an organ which, in the respiration of 
fish, answers the double purpose of mouth and lungs. 
Caroline. Are there any species of animals that 
breathe more than we do ? 

Mrs. B. Yes •, birds, of all animals, breathe the 
greatest quantity of air in proportion to their size ; 
and it is to this that they are supposed to owe the 
peculiar firmness and strength of their muscles, by 
which they are enabled so support the violent ex* 
ertion of flying. 



ifTerence between birds and fish, which 
may be considered as the two extremes of the scale 
of muscular strength, is well worth observing. — 
Birds residing constantly in the atmosphere, sur- 
rounded by oxygen, and respiring it in greater pro- 
portions than any other species of animals, are en- 
dowed with a superior degree of muscular strength, 
whilst the muscles of fish, on the contrary, are ilac- 
cid and oily ; these animals are comparatively slow 
rnd feeble in their motions, and their temperature 
is scarcely above that of the water in which they live. 
This is, in all probability, owing to their imperfect 
respiration •, the quantity of hydrogen and carbone, 
that is in consequence accumulated in their bodic>, 
forms the oil which is so strongly characteristic of 
that species of animals, and which relaxes and sof- 
tens the small quantity of fibrine which their muscles 
contain. 

Caroline. But, Mrs. B. there are some species of 
birds that frequent both elements, as, for instance, 
ducks and other water fowl. Of what nature is the 
iksh of these ? 

Airs. B. Such birds, in general, make but little 
use of their wings-; if they fly, it is but feebly, and 
only to a short distance. Their flesh too partakes of 
the oily nature, and even in taste sometimes resem- 
bles that of fish* This is the case not only with the 
various kinds of water fowls, but with ail other am- 
phibious animals, as the. otter, the crocodile, the li- 
zard, &c. 

Caroline. And what is the reason that reptiles are 
so deficient in muscular strength ? 

Mrs. B. It is because they usually live under 
around, and seldom come into the atmosphere. — 
They have imperfect, and sometimes no discernible 
organs of respiration, they partake therefore of the 
soft oily nature of fish ; indeed, many of them are 
amphibious, as frogs, toads, and snakes, and very 
few of them find any difficulty in remaining a length 
q£ time under water. Whilst, on th.e contrary, the- 
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insect tribe that arc so strong in proportion to their* 
size, and alert in their motions, partake of the na- 
ture of birds, air being their peculiar element, and 
their organs of respiration being comparatively lar- 
ger than in other classes of animals. 

I have now given you a short account of the prin- 
>il animal functions. However interesting the sub- 
:t rflfay appear to you a fuller investigation of it 
would, I fear, lead us to.o far from our object. 

Emily. Yet I shall not quit it without much re- 
gret •, for of all the branches of chymistry, it is cer- 
tainly the most curious and most interesting. 

Caroline. But, Mrs. B. I must remind you that 
you promised to give us some account of the nature 
of milk. 

Mrs. B. True. There are several other animal 
productions that deserve likewise to be mentioned, 
We shall begin with milk, which is certainly the 
-iiost important and the most interesting of all the 
animal secretions. 

Milk, like all other animal substances, ultimately 
yields by analysis oxygen, hydrogen, carbone, and 
nitrogen. These are combined in it under the forms 
of albumen, gelatine, oil, and water. But millc 
stains, besides, a considerable portion of phosphat 
ime, the purposes of which, I have already point- 
ed out. 

Caroline. Yes ; it is the salt which serves to nou- 
h the tender bones of the suckling ? 
Mrs. B. To reduce milk to its elements would 
very complicated, as well as useless operation ; 
but this fluid, without any chymical assistance, may 
be decomposed into three parts, cream, curds> and 
whey. These constituents of milk have but a very 
slight affinity to each other, and you find according- 
ly that cream separates from milk by mere standing. 
It consists chiefly of oil, which being lighter than the 
other parts of the milk, gradually rises to the surface, 
It is of this, you know, that butter is made, which. 
is nothing more than oxygenated cream. 
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Caroline. Butter, then, is somewhat analogous {\j 
the waxy substance formed by the oxygenation of 
vegetable oils. 

Mrs. B. Very much so. 

Emily. But is the cream oxygenated by churning:? 

Mrs. B. Its- oxygenation commences previous to 
churning, merely by standing exposed to the atmo- 
sphere, from which it absorbs oxygen. The pro- 
cess is afterwards completed by churning ; the vio- 
lent motion which this operation occasions, brings 
every particle of cream in contact with the atmo- 
sphere, and thus facilitates its oxygenation. 

Caroline But the effect of churning, I have often- 
observed in the dairy, is to separate the cream into 
two substances, butter, and butter-miik ? 

Mrs. B. That is to say, in p)T>portion as the oily 
particles of the cream become oxygenated, they sepa- 
rate from the other constituent parts of the cream in 
the form of butter. So by churning you produce, on 
the one hand, butter, or oxygenated oil; and, on 
the other, butter milk, or cream deprived of oil. — 
But if you make butter by churning new milk in- 
stead of cream, the butter-miik will then be exactly 
similar in its properties to creamed or skimmed milk. 
Caroline. Yet butter-milk is very different from 
common skimmed mint. 

Mrs. B. Because you know it is customary, m 
order to save time and labour, to make butter from 
cream alone. In this case, therefore, the buttjr 
milk is deprived of the creamed milk, which con- 
tains both the curd and whey. Besides, in conse- 
quence cf the miik remaining exposed to the atmo- 
sphere during the separation of the cream, the latter 
becomes more or less acid, as well as the butter-milk 
which it yields in churning. 

Emily. Why should not the butter be equally aci- 
dified by oxygenation ? 

Mrs. B. Animal oil is not so easily acidified as 
the other ingredients of milk. Butter, therefore, 
though usually made of sour cream, is not sour it- 
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pelf, because the oily part of the cream had not been 
acidified. Butter, however, is susceptible of beco- 
ming acid by an excess of oxygen ; it is then said to 
be rancid, and produces the sebacic acid, the same 
which is obtained from fat. 

Emily, If that be the case, might not rancid but- 
ter be sweetened by mixing with it some substance 
that would take the acid from it ? 

Mrs. B. This idea has been suggested by Mr. 
Davy, who supposes, that if rancid butter were well 
washed in an alkaline solution, the alkali would se- 
parate the acid from the butter. 

Caroline. You said just now that creamed milk 
consisted of curd and whey. Pray how are these se- 
parated ? 

Mrs. B. They may be separated by standing for 
a certain length of time exposed to the atmosphere; 
but this decomposition may be almost instantaneously 
effected by the chymical agency of ?. variety of sub- 
stances. Alkalies, rennet,* and indeed almost all 
animal substances, decompose milk by combining 
with the curds. 

Acids and spirituous liquors, on the other hand, 
produce a decomposition by combining with the 
whey. In order therefore to obtain the whey pure, 
rennet, or alkaline substanees, must be used to at- 
tract the curds from it. 

But if it be wished to obtain the curds pure, the 
'hey must be separated by acids, wine, or other spi- 
rituous liquors. 

Emily. This is a vsry useful piece of information ; 
for I find white wine whey, which I sometimes take 
when I have a cold, extremely heating ; now, if the 
whey were separated by means of an alkali instead 
pf wine, it could not produce that effect. 



* Rennet is the name given to a watery infusion of the coats 
.of the stomach of a sucking calf. Its remarkable efficacy in 
ijromoting coagulation is supposed to depend on the gastric 
with which it ib impregnated. 



Mrs, B. Perhaps not. But I would strenuc 
■advise you not to place too much reliance on 
•slight chymical knowledge In medical matters. I do 
not know why whey is not separated from curd by 
rennet, or by an alkali, for the purpose which you 
nention ; but I strongly suspect there must be some 
good reason why the preparation by means of wine 
is generally preferred. I can, however, safely point 
out to you a method of obtaining whey without ci- 
ther alkali, rennet, or wine; it is by substituting le- 
mon juice, a very small quantity of which will sepa- 
rate it from the curds. 

Whey, as an article of diet, is very wholesome ; 
it is the most nutritive part of the milk, and the 
lightest of digestion. But its effect, taken medici- 
nally, is chiefly, I believe, to excite perspiration, by 
being drunk warm on going to bed. 

It appears that the nutritive particles of whey may 
he obtained in crystals by evaporation ; in this state 
they are called salts, or more commonly sugar of 
milk. This salt is sweet to the taste, and in its com- 
position is so analogous to sugar, that it is susceptible 
of undergoing the vinous fermentation. 

Caroline. Why then is not wine, or alcohol, made 
from whey ? 

Mrs. B. The quantity of sugar contained in milk 
3 so trifling that it can hardly answer for that pur- 
pose. I have heard of only one instance of its being 
used for the production of a spirituous liquor, and 
-.his is by the Arabs ; their abundance of horses as 
well as their scarcity of fruits, has introduced the 
fermentation of mares' milk, by which they produce 
a liquor called koumiss. Whey is likewise susceptible 
of being acidified by combining with oxygen from 
the atmosphere. It then produces the lactic atid, 
which you may recollect is mentioned amongst the 
animal acids, as the acid of milk. 

Let us now see what are the properties of curds. 
Emily. I know that they are made into cheese ; I 
hvx I iiave beard that for that purpose they are sepa- \ 
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rated from the whey by rennet, and yet this you 
have just told us is not the method of obtaining 
pure curds ? 

Mrs. B. Nor are pure curds so well adapted 
for the formation of cheese. For the nature and 
flavour of the cheese depends, in a great measure, 
upon the cream or oily matter which is left in the 
curds ; so that if every particle of cream be removed 
from the curds, the cheese is scarcely eatable. Rich 
cheeses, such as cream and Stilton cheeses, derive 
their excellence from the quantity, as well as the 
quality of the cream that enters into their compo- 
sition. 

Caroline. I had no idea that milk was such an in- 
teresting compound. In many respects there appears 
to me to be a very striking^analogy between milk and 
the contents of an egg, both in respect to their nature 
and their use. They are, each of them, composed 
of the various substances necessary for the nourish- 
ment of the young animal, and equally destined for 
that purpose. 

Mrs. B. There is, however, a very essential dif- 
ference. The young animal is formed, as well as 
nourished by the contents of the egg-shell ; whilst 
milk serves as nutriment to the suckling, only after 
it is born. 

There are several peculiar animal substances which 
do not enter into the general enumeration of animal 
■compounds, and which, however, deserve to be men- 
tioned. 

Spermaceti is of this class ; it is a kind of oily sub- 
stance obtained from the head of the whale, which, 
however, must undergo a certain preparation before 
it is in a fit state to be made into candles. It is not 
much more combustible than tallow, but it is more 
pleasant to burn, as it is less fusible and less greasy. 

Ambergris is another peculiar substance derived 
from a species of whale. It is, however, seldom ob- 
tained from the animal itself, but is generally found 
floating on the surface of the sea. 
X. k 
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Wax, you know, is a concrete oil, the peculiar 
product of the bee, part of the constituents of which 
may probably be derived from flowers, but so pre- 
pared by the organs of the bee, and so mixed with 
its own substance, as to be decidedly an animal pro- 
duct. Bees'-wax is naturally of a yellow colour, but 
it is bleached by long exposure to the atmosphere, 
or may be instantaneously whitened by the oxy- mu- 
riatic acid. The combustion of wax is far more per- 
fect than that of tallow, and consequenly produces a 
greater quantity of light and heat. 

Lac is a substance very similar to wax in the man- 
ner of its formation •, it is the product of an insect 
which collects its ingredients from flowers, apparent- 
ly for the purpose of protecting its eggs from injury. 
It is formed into cells fabricated with as much skill 
as those of the honey-comb, but differently arranged. 
The principal use of lac is in the manufacture of 
sealing wax, and in dying scarlet. 

Musi, civet, and castor, are other particular pro- 
ductions, from different species of quadrupeds. The 
two first are very powerful perfumes : the latter has 
a nauseous smell and taste, and is only used medici- 
nally. , 

Caroline. Is it from this substance that castor oil 
is obtained ? 

Mrs. B. No. Far from it, for castor oil is a 
vegetable oil, expressed from the seeds of a particu- 
lar plant ; and has not the least resemblance to the 
medicinal substance obtained from the castor. 

Silk is a peculiar secretion of the silk worm, with 
which it builds its nest or cocoon. This insert was 
originally brought to Europe from*China. Silk, in 
its chymical nature, is very similar to the hair and 
wool of animals. The moth of the silk worm ejects 
a liquor which appears to contain a particular acid, 
called bombic, the properties of which are very little 
known. 

Emily. Before we conclude the subject of the ani- 
mal economy, shall we not learn by what steps ani- 
mals return to their elementary state ? 
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Mrs. B. Animal matter, although the most eom^ 
plicated of all natural substances, returns to its ele- 
mentary state by one single spontaneous process, the 
putrid fermentation. By this, the gelatine, albumen, 
and fibrine, are slowly reduced to the state of oxy- 
gen, hydrogen, nitrogen, and carbone ; and thus the 
circle of changes through which these principles have 
passed is finally completed. They first quitted their 
elementary form, or their combination with unorga- 
nized matter, to enter into the vegetable system. — 
Hence they were transmitted to the animal kingdom; 
and from this they return again to their primitive 
simplicity, soon to re-enter the sphere of organized 
existence. 

When all the circumstances necessary to produce 
fermentation do not take place, animal, like vegeta- 
ble matter, is liable to a partial or imperfect decom- 
position, which converts it into a combustible sub- 
stance very like spermaceti. I dare say that Caroline, 
who is so fond of analogies, will consider this as a 
kind of animal bitumen. 

Caroline. And why should I not, since the pro- 
cesses, that produce these substances are so similar. 

Mrs. B. There is, however, one considerable 
difference ; the state of bitumen seems permanent, 
whilst that of animal subtances, thus imperfectly de- 
composed, is only transient ; and, unless precautions 
be taken to preserve them in that state, a total disso- 
lution infallibly ensues. This circumstance, of the 
occasional conversion of animal matter into a kind of 
spermaceti, is of late discovery. A manufacture 
has in consequence been established near Bristol, in 
which, by exposing the carcases of horses and other 
animals for a length of time under water, the mus- 
cular parts are converted into this spermaceti-like 
substance. The bones afterwards undergo a different 
process to produce hartshorn, or, more properly, 
ammonia, and phosphorous •, and the skin is prepared 
for leather. 



Thus art contrives to enlarge the sphere of useful 
purposes, to which the elements were intended by 
nature ; and the productions of the several kingdoms 
are frequently arrested in their course, and variously 
modified, by human skill, which compels them t,o 
contribute, under new forms, to the necessities or 
luxuries of man. 

But all that we enjoy, whether produced by the 
spontaneous operations of nature, or the ingenious 
efforts of art, proceed alike from the goodness of 
Brovidence. — To GOD alone man owes the admi- 
rable faculties which enable him to improve and modi- 
fy the productions of nature, no less than those pro- 
ductions themselves. In contemplating the works of 
the creation, or studying the inventions of art, let 
us, therefore, never forget the Divine iSource from 
which they proceed ; and thus every acquisition of 
knowledge will prove a lesson of piety and virtue. 
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Desccripion and Manner of using 

CLOUD'S 
Hydro-pneumatic Blow-pipe. 



SHORTLY after the discovery of oxygen gas, by 
Dr. Priestley, it was found that a stream of this 
gas blown on burning charcoal, would produce a ve- 
ry intense degree of heat •, — equal, if not superior, 
to that produced by the most powerful burning-glass : 
and this gaseous current continued to be considered, 
by chymists in general, as the most powerful agent 
for exciting heat within the compass of human art, 
till, in the year 1801, Mr. Robert Hare, jun. an in- 
genious young gentleman of Philadelphia, and a mem- 
ber of the American Philosophical Society, in his 
researches on this subject, discovered — that united 
streams of oxygen and hydrogen gas, when kindled, 
produced a much more intense heat than the oxygen 
gas with any other combustible. He accordingly had 
an apparatus constructed, which he calls a Hydro- 
static BIonu-pipe y by the aid of which, this intense 
heat may be readily and safely employed in the fu- 
sion of small specimens of the most refractory metals 
and ores, and even of most of the earths. 
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A description of this hydrostatic blow-pine, with 
an account of a number of the experiments made 
with it, was laid before the Chymical Society of Phi- 
ladelphia, and, by their order, was published. 

An account of the fusion of Strontites, and volati- 
lization of Platinum, with a new arrangement of his 
apparatus, was communicated by Mr. Hare to the 
American Philosophical Society, in June, IS03, and 
is published in the 6th vol. of their Transactions. 

An apparatus for the same purpose with the above, 
but of a much more simple form, yet of equal effica- 
cy, has lately been constructed by Mr. Joseph Cloud, 
an officer of the Mint of the United States ; of which 
apparatus, the following is a short description. 

It consists of a hollow cylindrical vessel, which 
may be made either of sheet-tin or of copper, about 
fifteen inches in diameter, and fifteen inches in 
height; divided longitudinally, into two equal cham- 
bers, by a partition extending from top to bottom. 
Or the chambers may be separated by two partitions 
about an inch apart. 

Close to the bottom, and on opposite sides of the 
vessel, are inserted two short tubes, each about an 
inch long, and three quarters of an inch in diame- 
ter ; somewhat tapering inwards, so as to be easily 
stopped with corks. These tubes are made to stand 
a little higher on the outside than on the inside ; so 
that when water is poured into the vessel, and suf- 
fered to run out by them, so much will remain on 
the bottom as to cover the inner orifice of the tubes, 
and thus prevent any communication between the air 
without and that within the vessel. Or, the tubes 
may be placed horizontal, and a small metallic cup 
soldered on the vessel under each tube, and rising so 
high as to contain water sufficient to cover the outer 
orifice of the tube. 

Through the centre of the top of this vessel is in- 
serted the end of a brass cock, secured in its place 
by soldering, the upper end terminating in a funnel, 
which may be about twenty inches high, about aff. 
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inch of the lower end of the cork being split open 
with a fine saw, to receive the upper edge of the par- 
tition to which it is soldered. 

From the lower end of the cork are continued two 
semi-cylindrical tubes, one on each side of the par- 
tion, soldered to it, and terminating very near to 
the bottom of the vessel. If the chambers be separa- 
ted by two partitions, then the double tube is to pass 
down between them, and enter the chambers on each 
side close to the bottom. 

Into the top of the vessel, within about an inch of 
the side, and on opposite sides of the partition, are 
inserted, and firmly soldered, two small brass cocks, 
within about two inches of each other, the nozzles 
pointing outwards. These nozzles are to be opened 
by a reamer, or tin tubes of the proper form may be 
soldered on. 

Two pieces of brass blow- pipe are inserted at their 
smaller ends, and there secured with hard solder, 
into the larger end of a piece of brass, in form of the 
frustum of a cone, about three fourths of an inch 
long, half an inch diameter- at the greater end, and 
a quarter of an inch diameter at the lesser end ; the 
two ends of the blow-pipes opening into a small ca- 
vity near the lesser end, which communicates with a 
small hole about one fortieth of an inch diameter, 
drilled through a piece of pure silver wire, screwed, 
or otherwise fastened, into the centre of the smaller 
end. The other ends of the blow-pipes (which may 
be about four inches long) pass each through a small 
cork to be thrust into the nozzles of the two brass 
cocks : the blow-pipes proceeding from the brass 
cocks nearly in a horizontal direction, and then 
turning downwards, where they are inserted into the 
brass-piece. 

To prepare the above apparatus for use : — 

1. Let the vessel be filled with water, thus — . 
stop the two apertures near the bottom of the vessel 
with well-fitted corks. Open the three cocks, re- 
move the blow-pipes, and pour water into the funnel 
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till it begins to run out at the nozzles from which 
the blow-pipes were removed — the vessel is then 
full of water. — By this means, also, any leak in the 
vessel may be readily discovered. 

2. Let one chamber of the vessel be filled with 
hydrogen gas (inflammable air) which may be done 
thus. — Provide (1.) a glass retort ; — (2.) turnings, fi- 
lings, or any other small shreds, or nails, of iron ; — 
(3.) sulphuric acid (oil of vitriol) ; — (4.) a small tin 
tube about fifteen inches long, with a knee joint at 
each end about two inches long, and nearly at right 
angles to each other. One knee being about one 
and a quarter inch diameter at The mouth, and 
tapering inwards ; the other knee, about one 
quarter of an inch at the mouth, and tapering out- 
wards. Into the retort put about two ounces of the 
iron, four ounces of water, and two ounces of sul- 
phuric acid, and shake them well together. Intro- 
duce the beak of the retort into the larger knee of 
the tin tube, and apply a handful of lute, made of 
loom and fresh horse-dung, round the juncture. The 
water (a compound of oxygen and hydrogen), will 
immediately begin to hp decomposed, the oxygen 
uniting with the iron, and the hydrogen escaping in 
form of gas — the acid only assisting this decomposi- 
tion. Giving a little time (about a minute) for the 
escape of the atmospheric air contained in the tube 
and retort, close all the cocks, uncork one f the 
short tubes, and introduce the smaller knee of the 
tin tube into the vessel •, the gas will rush in and 
gradually displace the water which will run out of 
the short tube through which the gas enters, and 
may thence be received into a tub or bucket. When 
the gas begins to bubble out, the tube may be with- 
drawn, and the cork replaced; that chamber of the 
vessel being now full of gas. 

If a retort cannot conveniently be had, a common 

quart, or half gallon bottle, may very well supply 

the place of the body of the retort, and a glass or tin 

tube, passing through a cork in the mouth of the 

" bottle, may serve as a beak. 
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5. Let the other chamber of the vessel be tilled 
with oxygen gas (pure or vital air). This may be 
done with the same apparatus as above described ; 
only, into the retort you are to put about twelve 
ounces of the black oxyd of manganese (magnus), 
with as much sulphuric acid ns will form it into the 
consistence of paste, applying the heat of an Argand- 
lamp, or of a charcoal fire, to the retort ; for with 
;:he assistance of this heat the oxyd of manganese 
will be decomposed — the sulphuric acid combining 
with the metal and forming a sulphat of manganese, 
and the oxygen escaping in form of a gas. 

Instead of manganese with the sulphuric acid, 
manganese alone, or nitre alon?, maybe used ; but 
in either of these cases, a red heat, and an iron ma- 
trass will be required. 

Manner of using the above apparatus in the fusion of 
Metals, Ores, or Earths. 

1. Let the subject to be operated upon be placed 
in a small excavation made on the surface of a piece 
of good charcoal. 

2. Open the cock of the funnel and fill it with 
water, which will condense the gases, and give them 
a degree of elasticity sufficient for any single experi- 
ment, and you may then either close the cock, or 
leave it open at pleasure. 

3. Place the compound blow-pipe in the nozzle of 
the gr.s-cocks. 

4. Onen the hydrogen-cock, kindle the issuing 
gas by a lighted match or taper, and let the flame 
play upon the subject to be operated upon. 

5. Gradually open the oxygen-cock, till you per- 
ceive the flame to be of the most intense brilliancy ; 
and the effect required will be almost instantly pro- 
duced. 

Any lower degree of heat, not less than that from 
the hydv ;r en gas alone, may be produced by, dimi- 
nishing the proportion of the oxygen gas. 
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Many other curious and interesting experiments 
snay be made with this apparatus •, — for instance, if 
she flame of the hydrogen alone be received on a 
piece of cold metal, or any other smooth, hard sur- 
face, then, the hydrogen gas combining with the 
oxygen of the atmospheric air, will produce water, 
which will be seen trickling down the surface of the 
body. 

If one end of a piece of fine iron or steel wire be 
made red-hot in the compound flame, and then the 
hydrogen gas be shut off, the action of the oxygen 
gas will consume and dissipate the wire in the most 
brilliant sparkles. 

Explanation of the Plate. 

Figure 1. exhibits an outside view of the nppa- 
ratus entire. Figure 2. exhibits an inside view ofjj 
half the apparatus, conceived to be cut off by a' 
plane passing through the axis of the cylinder. The 
same letters, where they occur, refer to the same parts 
of the apparatus, in both figures. 
A B The two chambers of the vessel, separated by 

a single or double partition. 
b b The two shcrt tubes, opening into their re- 
spective chambers, near the bottom. 
C The funnel, and a, its stop-cock. In the first 
figure this funnel is represented as standing near 
one side of the vessel ; it may, however, without 
any disadvantage, be placed in the middle. 
/ / The two semi-cylindrical tubes, separated by 
the partition or strip represented in the second 
figure, by the dotted line, and opening near the 
bottom into the two chambers at g g. 
d d The two stop-cocks with their sockets inserted 
near the side of the vessel, each into its separate 
chamber. 
t The compound blow pipe furnished with corks to 

be fitted into the sockets of the stop-cocks d d. 
£ The nozzle of the compound blow-pipe, nearly 
of its natural size. 
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ON DYEING. 



THE art of DYEING consists chiefly of chymi- 
cal processes, and comprises a vast collection of chy- 
mical experiments. To give a detailed account of 
all the complicated operations of the dye-house would 
be tedious, and uninteresting to any but the practi- 
cal dyer. Our intention is only to give the rationale 
of the art, and convey such general information, as 
shall satisfy the curiosity of the general reader. 

It is necessary to preface the consideration of dye- 
ing with some observations on the substances that: 
are to be submitted to the operation. Wool, hair, 
silk, cotton, hemp, and flax, are what are princi- 
pally subjected to the dyer's art. 

Of these, the animal productions, namely, wool, 
hair, and silk, are more easily dyed than the vegeta-e 
ble substances, cotton, hemp, and flax, because they 
have a stronger attraction for the colouring particles 
of the various dyes employed. 

The animal substances are more easily injured by 
acids and alkalies, which makes it necessary to be 
more careful in the use of these, when dyeing or 
preparing for the dye such substances, viz. wool, 
hair, and silk. 

Wool has a natural covering of grease, which it 
is necessary to deprive it of, before submitting it to 
the dye. This is done by scouring it with warm 
water, to which is added one fourth of stale cham- 
ber lie, and by afterwards washing it in a stream of 
clear water. The wool loses a great deal in weight by 
this operation, often as much as one fifth of the 
whole. Besides this cleansing it is generally neces- 
sary to boil the wool in a solution of alum and tartar, 
before it is dyed. This however is not requisite for 
all kinds of dyes *, and then it only needs, after the 
above cleansing, to be washed in water, wrung out, 

L I 
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and left to drain, which indeed is necessary with 
every other substance that we intend to dye. 

Silk is naturally covered with a glairy varnish, 
which is perfectly soluble in water ; and the Euro- 
pean silk has a yellow colour, which water alone will 
not deprive it of; silk, therefore, is always scoured 
with soap and water, previous to dyeing ; and to 
make it take and retain the colour, it is always alu- 
med, which is done by washing it in a cold solution 
of alum in water. 

Cotton, which is a vegetable production, found en- 
veloping the seeds of certain plants, has usually in 
its natural state a lighter or deeper tinge of yellow, 
of which it must be deprived by bleaching. It must 
then be scoured in an alkaline lie, or in sour water, 
which is prepared by mixing bran with water, and 
suffering it to remain until it becomes sour. After- 
wards, besides aluming, as with silk, it requires to be 
washed in a decoction of galls, or other astringent, 
as hot as the operator can well bear it. 

Linen, which is made either of flax or hemp, has 
always a brown colour, of which it must be deprived, 
like cotton, by bleaching, and then undergoing the 
same process as we have just described. 

In the art of dyeing there is a step, which is in 
almost all cases necessary to be taken previous to 
immersion of the stuff" into the dyeing liquor. This 
is the application of what is termed a mordant, the 
nature and intention of which I shall now endeavour 
to explain. 

In most cases it is found necessary to employ some- 
thing for the purpose of making the stuff", (to be dy- 
ed), take the colour more readily, and retain it more 
firmly; for by merely immersing the stuffs into the 
dyeing liquor, they will seldom take a deep dye ; 
and the stuffs will in almost every case lose their co- 
Jour again, by exposure to the air, or by washing in 
water. The substances thus employed, to give lustre 
and durability to the colours, are called mordw 
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Different mordants are used for preparing diffe- 
rent goods, and for preparing the same for different 
colouring drugs. Alum is by far the most exten- 
sively useful, being always employed in the printing 
of linens, and cottons, which is a species of dyeing 
now very much practised. For the dyeing of silk 
and wool, metallic solutions are more frequently em- 
ployed as mordants. 

The art of printing on cotton and linen depends 
chiefly on the application of the mordant. What is 
used for this purpose is called the aluminous mor- 
dant, being prepared by dissolving three pounds of 
alum in a gallon of hot water, then adding a pound 
of sugar of lead, stirring the mixture well at times, 
for two or three days, and afterwards adding to it 
two ounces of potash, and the same quantity of 
chalk. 

The alum and sugar of lead in this preparation are 
both decomposed, the sulphuric acid of the alum 
uniting with the lead forms an insoluble powder, 
which therefore subsides to the bottom, whilst the 
vinegar, (which is the other constituent of sugar of 
lead,) combines with the clay or alumine of the alum, 
and remains dissolved in the fluid. This liquor then 
is not a solution of alum and sugar of lead in water, 
but a solution of acetite of alumine, that is, a salt 
composed of vinegar and clay. 

This mordant, being thickened with starch or 
gum, is applied to the cloth by blocks, or by the 
pencil on those parts where the dye is afterwards in- 
tended to take, and give the pattern. 

It is then dried, and afterward washed, to get out 
the gum or starch, and is now to be immersed into 
the dving liquor. The pattern or part, to which the 
mordant was applied, has a much deeper tinge than 
the rest when the stuff is taken out of the liquor \ 
and after the cloth has been repeatedly boiled in bran 
and water, and bleached in the air, this is the only 
part that retains the colour.- 
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The use of the mordant is explained by supposing 
that the particles of clay have a strong attraction for 
the particles of the colouring drug, and that havfcg 
itself penetrated the cloth, it attracts and Retain* 
there these colouring particles. To illustrate this 
attraction or affinity, dissolve cochineal in a solution 
of alum, and then add an alkali, which will separate 
the clay of the alum from its sulphuric acid, and 
cause it to be precipitated. The clay, as it falls, at- 
tracts and carries with it to the bottom the colour- 
ing particles of the cochineal, the liquor above re- 
maining clear and colourless. 

Solutions of different metallic salts are frequently 
employed as mordants, having a great affinity for the 
colouring matter of some substances. They have 
a stronger attraction for animal than for vegetable 
stuffs, and are therefore principally used in dyeing 
silk and wool. J fa 

We now proceed to the consideration of the co- 
louring drugs, and the mode of employing them as 
dyes for different substances. Dr. Bancroft in treat- 
ing this subject has divided the colouring drugs into 
substantia and adjective, the former including such 
£S I22y be permanently fixed in or upon the dyed sub- 
stance without the interposition either of an earthy 
or metallic mordant, the latter including those which 
require the aid of a mordant. 

Others have divided this part of the subject ac- 
cording to the kingdom of nature, which affords the 
dyes, treating separately of the animal, vegetable, 
and mineral colouring drugs. 

The division we shall adopt, which is according 
to the colours they afford, though perhaps Ipss scien- 
tific, will be more congenial with our plan, as we 
mean to treat of the processes of dyeing, at the same 
time that we particularize the substances that afford 
the colours. 

The three simple colours are, red, yellow, and 
blue ; all. other colours are compounded of these. — 
Different shades or tints of the same colour are pro- 
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duced by using different drugs, or by varying the 
quantity of colouring particles ; or, in the case of' 
the compound colours, by varying the proportion of 
the different simple ones of which they are com- 
posed. 

Reds. We shall treat of the simple colours first, 
and begin with red. Cochineal, kerrnes, and gum 
lac, amongst the animal productions; and madder, 
archil, carthamus, and Brazil wood, amongst the 
vegetables, are the chief substances employed as red 
dyes •, and as they differ in the tint and other proper- 
ties, as well as in the manner in which they are ap- 
plied, we shall say a few words respecting each. 

Cochineal is a small insect brought from Mexico, 
where it is found only on one plant, the cactus, or 
Indian fig. This is planted for the purpose, and 
the growth of the insect artificially encouraged. It 
is the principal substance now employed in dyeing 
the compound colour of scarlet; in considering which, 
the best mode of using cochineal will be mentioned. 

Kerrnes, a production very much of the same na- 
ture with cochineal, gives a fine red dye to woollen 
goods, less vivid but more lasting than that from 
cochineal. It is not much used in the present day, 
but is seen frequently in old tapestry, where it re- 
tains nearly its original lustre. Wool must be pre- 
pared for this dye by boiling in water with one fifth of. 
its weight of alum, and half as much tartar, for two 
hours, and by being afterwards left in the same liquor 
four or five days ; then being rinsed it is to be dyed 
in a warm bath, containing about twelve ounces of 
kermes to each pound of wool. 

Lacca/or gum-lac, a production of certain inse£l% 
something in its nature like bees' wax, is brought*- 
from the East Indies, in the form either of stick-lac, 
seed-lac, or lump-lac. It is used almost solely for 
dyeing what is called red Morocco leather. 

Madder is chiefly used in dyeing linen and cottora 
stuffs red, and by admixture with other substances ., 
in dyeing them of colours. A very beautiful and live » 
j,l 2 
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ly red is produced by adding ox's gall to the madder 
bath. If the usual proportion of tartar in the prepa- 
ration of the bath, which is from one seventh to one 
fourth, is much increased, a deep and durable cinna- 
mon is produced. 

Archil is sold in the form of a paste. It is made 
by powdering and steeping in chamber-lie and lime, 
either the lichen roccel/a, or the lichen parellus. The 
former called herb, or Canary archil, the latter 
ground or Auvergne archil. It gives a beautiful 
though fading lilac colour to silks, and is used, mixed 
with other dyes, to deepen their shades and give a 
bloom. 

Carthamus, a dye made of the blossoms of a plant 
called carthamus twclorius t cultivated in Spain, Egypt, 
and on the coast of the Levant, is used for giving a 
poppy red to silk, and in dyeing orange red, cherry 
red, rose and flesh colour. When dissolved by an 
•alkali, and precipitated by lemon juice, a powder is 
obtained, which, when mixed with finely pulverized 
talc, forms that beautiful pigment rouge. 

Brazil-wood imparts all its colouring matter to 
water by boiling ; and wool, previously alumed, is 
dyed a good red by gently boiling in this decoc- 
tion. 

Yellows. All the substances employed for dye- 
ing yellow colours are vegetable productions. The 
chief are weld, fustic, arnotta, quercitron bark, and 
sumach. 

Weld is prepared from the reseda luteola of bota- 
nists. It was very much used formerly in dyeing a 
yellow, but is now daily giving way more and more, 
to the use of quercitron bark. If arnotu. "be added 
to the weld bath, a golden or jonquil colour is pro- 
duced. 

Fustic is the wood of a tree called morns tintloria. 
According to the quantity employed it gives a yel- 
low of different shades, from a lemon to a reddish, 
yellow colour. 
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•iotia is a paste procured from the seeds of an 
American plant called b'ttta ordiana. It gives a red- 
dish yellow, and is chiefly employed as a ground co- 
lour for other dyes. 

Quercitron-bark is got from a species of oak called 
quercus-nigra. Dr. Bancroft, who first introduced it, 
has the sole right of importing and selling it. It 
contains ten times as much colouring matter as the 
*ame quantity of weld, and will probably soon en- 
tirely supersede the use of it. 

Sumach, which is the powdered root of a plant of 
that name, gives a durable yellow to cottons previ- 
ously prepared with the aluminous mordant. 

There are many other vegetables which may occa- 
sionally be had recourse to for dyeing yellow. The 
saw-wort, dyer's broom, leaves of the sweet willow, 
and the bark of the Lombardy poplar, may all be used 
for this purpose. The green outer rind of thejyalnut 
gives to wool a good fawn colour, and requires no 
mordant to fix it, though if a mordant be used it im- 
proves its lustre. 

Blues. The principal blue dyes are from indigo, 
woad, logwood, and Prussian blue. 

Indigo is prepared by a long and tedious process 
from a plant called tndigofera, cultivated both in Ame- 
rica and the East Indies. One part of indigo dis- 
solved in six or eight parts of strong sulphuric acid, 
and afterwards diluted with water, forms the dye 
called Saxon blue. 

To dye silks with what is called English blue, the 
silk must be first dyed a light blue, then dipped in 
hot water, and washed in a stream, and lastly im- 
mersed in the bath composed of indigo dissolved in 
sulphuric acid with a small quantity of the solution 
of tin. And there it must be left till it has acquired 
the proper shade. 

Woad is a kind of paste prepared in this country by 
grinding and fermenting the leaves of the isatis tine- 
toria,. or, as it is called in En;, hsh, the woad plant. 
The biue colour which it atioids is much inferior in 
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lustra, but is more permanent than that from indigo. 
These two dyes are, mixed in forming the blue vat or 
bath in which all woollen goods are dyed blue. 

LogvjootI, called also Campeachy or Jamaica wood, 
is boiled in water with a little alum, and a little vcr- 
digrise, when employed for dyeing blue ; but it is 
much more frequently used in dyeing blacks and 
greys, as will presently appear. 

Prussian blue is a chymical compound of iron and 
a peculiar acid, called prussic acid. Both the mode 
of obtaining and the mode of using this dye are intri- 
cate and complicated ; too much so to prove interesr- 
ing in their detail. The dye which it affords is vei v 
beautiful and very durable. 

Compound Colours. In dyeing, the compound 
colours are produced sometimes by mixing the simple 
colours in the bath or dyeing liquor, and sometimes 
by dying the stuff first in a bath of one simple colour, 
then in that of another. Scarlet, green, purple, vio- 
let and black are the compound colours that I shall 
now proceed to notice. 

Scarlet is a compound of red and yellow. The 
most common mode of dyeing a bright scarlet is by 
means of the cochineal vat, which is thus prepared. 

In the first place, dissolve one part of sal ammo- 
niac in eight parts of nitric acid, at a temperature of 
30° Fahenheit's. Then add, by very small portions, 
one part of tin, and afterwards dilute with a fourth 
of its weight of water. This is now a nitro-muriace 
of tin, or solution of tin in aquafortis and spirit of 
salt. 

To make the dyeing liquor, put eighteen ounces of 
this solution into a tin boiler, nearly filled with clear 
water ; then add ten ounces of tartar, and six of co- 
chineal, and boil the mixture. 

The cloth to be dyed is now to be immersed, and 
the boiling continued till it has received a good co- 
lour. By adding a little tumeric, which is a yellow 
dying drug, the scarlet is rendered more lively. 
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Doctor Bancroft proposes to substitute quercitron 
bark for the tartar, and says, that a farther improve- 
ment in the scarlet dye is effected by using sujphuric 
acid instead of the nitric acid, or aqua-fortis, in ma- 
king the solution of tin. 

A good crimson is produced by boiling the cloth, 
dyed as above, in a solution of alum, or by boiling 
in alum and tartar first, and then dyeing with cochi- 
neal. Silk, that is to be dyed crimsom, should not 
be thoroughly scoured, its natural yellow hue being 
favourable to this dye. 

Articles first dyed red with madder, then in a yel- 
low dye of weld, or quercitron bark, have a cinna- 
mon colour. 

When walnut peel is used for the yellow, the re- 
sult is a chesnut, musk, or snuff colour ; all of which, 
like scarlet, are compounds of red and yellow. Thread 
and cotton take a cinnamon colour when first dyed 
with verdigrise and weld, then dipped into a solution 
of green vitriol, afterwards into a decoction of galls, 
and lastly dyed in the madder bath. 

Green is a compound of blue and yellow. To dye 
woollens and cottons of this colour, it is most ad« 
viseable to give the blue colour first, and then the 
yellow. Woad is commonly used for the former, 
and weld or quercitron bark for the latter. But for 
the Saxon green dye, indigo is the blue, and fustic the 
yellow, that is preferred. For very deep greens it 
is necessary to use logwood and green vitriol, as in 
dyeing blacks, only in smaller quantities. 

In giving a green dye to silk, the yellow bath is 
first applied ; and to deepen the colour, or vary its 
hue, decoction of logwood, fustic, or arnotta, is add- 
ed to the yellow bath, after the weld has been taken 
out, 

Violets, purples, and lilacs, are compounds of red 
and blue. In dyeing of these colours the blue 
ground is given first ; which, even for a dark pur- 
ple, should not be deeper than a sky-blue. 



406 

Logwood with galls give several shades of purple 
to wool that has been previously dyed blue. Any 
of the red and blue dyes may be used for these co- 
lours ; the selection of which, and the determining 
their proportions for different tints and shades re- 
quires a great degree of experience, and a great deal 
of nicety in the operator. 

Black cannot be considered a colour, those bodies 
only appearing black which absorb all and reflecl: 
none of the prismatic rays. With respect to the dy- 
er's art, however, it stands upon the same footing 
with any of the colours which we have mentioned. 

To dye a black is as proper an expression as to dye 
a blue. By the first is meant to impregnate sub- 
stances with such particles as shall make them capa- 
ble of absorbing all the prismatic rays, and by the 
last is meant to impregnate with such particles as 
shall enable the substance dyed to absorb all but the 
blue rays, which being consequently reflected, pro- 
duce on the organ of vision the sensation which \vc 
call a blue colour. 

To give cloth a good black, it should be previously 
dyed a deep blue, and cleansed hy fulling. It should 
then be dipped into a decoction of galls, and a bath 
of logwood and green vitriol alternately, several 
times successively, being exposed for a little time to 
the air between each immersion. 

To dye silk black it must be first cleaned by boil-' 
ing with soap, beetling, and washing it well ; it is 
then to be soaked for several hours in a warm decoc- 
tion of galls ; and lastly immersed three or four times 
in the bath of logwood and green vitriol. 

Greys are only shades of black, and are produced 
by the same substances used in smaller quantities-. 
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ON TANNING. 



THE hides or skins of almost all animals are con- 
verted to some useful purpose. The hair, wool, or 
fur of some is the part employed, in others it is 
the skin itself. 

The preparation of the skins is different accord- 
ing to their kinds, and according to their intend- 
ed uses. 

„ The strong hides of oxen are wholly prepared by 
the tanner, when intended for the soles of shoes and 
boots; but such as are intended for harness leather, 
and for coach leather, are afterwards submitted to 
the currier's art. 

The skins of horses, and of calves, are always 
curried, being used for the upper leather of shoes 
and boots ; and the skins of sheep, deer, dogs, and 
some other animals, are prepared for a variety of 
purposes by the fellmonger and leather dresser. 

The conversion of hides and skins inro leather is 
always effected by the process of tanning, which is 
the art that I now intend to take into consideration. 

In tanning, the object is, to convert the soft and 
porous hide into a hard compart substance, not easily 
putrescible, and in a great degree impenetrable to 
water; in which state it is called leather. 

This object has always been chiefly effected by im- 
pregnating the substance of the hide with oak bark 
or tan, which is done by suffering the hides to re- 
main immersed for a long time in an infusion of the 
bark in water, called by the tanners, ooze. 

Different plans have been proposed and adopted 
in different tan yards, for extracting the virtues of 
the bark, and forjmpregnating the hides with the 
same. 

The grand object to be attempted is to save both 
bark, and time ; the latter of which has been chieflv 



attended to by the new tanners. Before noticing, 
however, the late improvements, it will be right \c 
give a concise description of what is termed the old 
mode'of tanning, which has been adopted for manv 
generations with scarcely any alterations, and is still 
most generally followed in this country. 

To prepare the skins for the tan pit, they are first 
washed, and cleansed, if possible in running water ; 
the loose cellular membrane is then cut away, which 
part of the process is called fleshing. After this, the. 
hair is taken off, which is called depilation, and is 
effected by different means by different tanners. 

Some do it by laying the skins in heaps, and lea- 
ving them together, till a putrefaction commences, 
which loosens the hair, and makes it very easy to be 
^craped off. This plan, however, requiring great 
care lest the putrefaction should advance too far, and 
injure the skin, is pretty generally laid aside as in- 
convenient. 

A second mode of effecting the depilation, is by 
immersing the skins for two or three days in lime 
water, and then scraping off the hair, which the 
lime has loosened. This plan is almost always adopt- 
ed for calfskins, but for the stronger hides it is less 
generally approved of, because, it being necessary by 
washing and pressing to extract all the lime before 
the application of the tan, in these thick skins it be- 
comes a laborious and tedious process. 

A third mode of depilation is by immersion in an 
acid liquor, namely, the sulphuric acid, or oil of 
vitriol, very much diluted, as one pint of acid to 
a hundred and twenty gallons of water. After two 
or three days immersion the hair is loosened, and 
very easily scraped off. 

The last improvement in this part of the business 
is to use the infusion or ooze, after it is become ex- 
hausted of its tanning principle, instead of water, 
to dilute the acid with. 

After the depilation there is a process called ra%* 
sing, which is often but not constantly had recourse 
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to, with a view of opening the pores, and rendering 
the hide more pervious to the tanning principle. — 
This is done by steeping the hides in an alkaline lie, 
and then suffering them to remain ten or twelve 
hours in a vat of acid liquor, having twice as much 
acid in it, as that recommended for loosening the 
hair. 

The hides and skins prepared in one or other of 
the above ways are now to be subjected to the tan- 
ping, properly so called. r 

The usual mode of doing this is to immerse them 
in pits or vats containing the oak bark, coarsely 
powdered, and a proper quantity of water. It is 
necessary to immerse them first in a weaker, then in 
a stronger ooze, till at last the skins are laid in alter- 
nate layers with the bark, and the pits then filled 
with water. The hides require twelve, eighteen, 
and sometimes twenty-four months immersion, to be 
fully saturated with the tanning principle. 

During this process the hides require what is 
termed handling, to be repeated ^very frequently at 
first, but not so often, as they are advanced to the 
stronger oozes. This consists in removing them from 
the liquor, exposing them for a short time to the 
air, and immersing them again in the pits. 

The tan by this means gets more uniformly ap- 
plied to the surface of the hide, and any folds or 
wrinkles that are made at one time are smoothed out 
at another. 

But, besides this, I believe handling to have other 
effects, in consequence of some chymical action o{ 
the air and light ; for it is a fact, known to experi- 
enced tanners, that handling is more useful in a sun- 
ny day than in cloudy weather, in an exposed situa- 
tion than a sheltered one, and much more so in 
warm than in cold weather. 

. From certain facts respecting the deposition of tan 
from an infusion of bark when exposed to the air, 
and certain appearances when treated with a solution 
of glue in close and open vessels, I am inclined to 
m m 
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believe that the process of handling is of much more 
importance than it is generally considered to be, and 
that hides would much sooner take the tan, if some 
easy means were contrived for exposing them much 
more frequently to the air and light ; in the same 
way that many dyes are taken much more speedily 
and effectually by occasionally removing the stuff, 
and exposing it to the air, than if it be allowed to 
remain constantly in the dyeing liquor. A good 
black cannot be given to cloth without such repeated 
exposures. 

Such is the usual mode of tanning. Many im- 
provements have been proposed, some of which we 
shall now notice. Oak bark I have stated as the 
substance most generally employed, but a variety of 
other barks contain the tanning principle ; as that 
of the ash, the willow, the poplar, the chesnut, &c 
The barks of these trees may, and have been, very 
advantageously employed in certain situations. The 
use of oak leaves has been proposed as a substitute for 
bark ; and, as they would require a great deal of 
store-room, it has been proposed to form an extract 
from them, to be used as required ; but I know not 
whether the plan has ever been adopted. 

Dr. Macbride, of Dublin, recommends the use 
of lime water instead of plain water for making the 
ooze, it being well known that lime water will form 
a stronger infusion than plain water from the same 
quantity of bark. Whether it has been found to 
answer in tanning, I know not, but believe it to be 
very seldom if ever practised. 

Mr. Samuel Ashton, of Sheffield, obtained a pa- 
tent for a new mode of tanning, in which he pro- 
fesses to employ nothing but mineral substances. 

An Italian has proposed the following deviations 
from the established mode of tanning. 1st. To soak 
the green hides separately in running water for a 
length of time sufficient to extract all the lymph, 
which is known by putting a piece of the hide into 
water, and gradually heating it ; if no scum rises to 
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the surface, it is a proof that no more lymph re- 
mains. 2dly. To immerse them for one hour in wa- 
ter, heated to 167° Fahrenheit ; to scrape off the 
hair as usual, and then expose to a stream of writer 
at 167° till the water contains no more animal jelly, 
which is known by evaporating a portion of it. 
3dly. To take off the loose membranous parts, wash 
in cold water, and then tan them in an ooze kept at 
167° which has been filtered from the tan or bark. 

The warm ooze has been used by several tanners 
in this country, but is now less approved of than at 
first. 

The most important improvements in the art of 
tanning have been made by a Frenchman of the 
name of Seguin, and his pian is known to tanners of 
this country under the name of Desmond's plan. 

As these improvements are grounded on the chy- 
mical qualities of the tan or bark, and on the chy- 
mical combination of the tanning principle and the 
hide, in the formation of leather, I shall precede an 
account of this plan with a few observations upon 
these points. 

When a solution of green vitriol in water is added 
to an infusion or decoclion of oak bark, of galls, of 
ash bark, or any other of the tanning barks, it imme- 
diately strikes a black colour ; and such substances 
have been considered more or less astringent, as the 
vitriol has caused a deeper or a fainter black. All 
substances possessing this quality have been called as- 
tringent ; all such substances have been considered 
as possessing the tanning quality ; and the property 
of tanning, it has been concluded, depends upon this 
astringent principle ; and hence it has been hastily 
inferred, that, in proportion as the vitriol strikes a 
blacker colour the astringent substance possesses a 
stronger tanning property. 

Later chymists, detecting an acid in these astrin- 
gent vegetables, which they have called the gallic 
acid, or acid of galls, have attributed to this acid the 
property of striking black with vitriol, and have also 
considered it as the true tanning principle. 



These opinions are now found to be erroneous. 
There are in the barks above specified, and in other 
vegetables, two distinct principles ; the one striking a 
black with green vitriol, called gallic acid -, the other 
tanning or forming leather when combined with 
the substance of the hide, called properly tannin. 

These two principles exist in different proportions 
in different substances •, and their presence is easily 
detected separately, by certain chymical tests. The 
mode of judging of the tanning quality of any parti- 
cular bark by the colour produced on adding green 
vitriol, is therefore very inaccurate. 

To detect the tannin or tanning principle in any 
ubstance, add a few drops of the solution of animal 
glue (made by dissolving a little common glue in wa- 
ter over a moderate fire) to a wine glass full of an in- 
fusion of the substance to be examined. If tannin 
is present, the liquor becomes turbid, and a whitish! 
substance falls to the bottom, which is a true powder 
of leather, being a compound of tannin and glue, 
which glue is of the same nature with the skin or 
hide, that by union with tannin forms leather. 

The test of gallic acid is green vitriol or copperas ; 
which, as I have before stated, strikes a black, when 
..dded to any substance containing the gallic acid. 

These two principles, it is true, very frequently, 
perhaps always, exist together-, but they exist in very 
different proportions in different vegetable produc- 
tions, and are separable from each other. 

The tannin is more soluble, and more easily ex- 
tracted from the bark, than the gallic acid. 

Pour water upon powdered bark •, after an hour 
draw it off, and pour on fresh water ; repeating this 
until the water is drawn off quite clear. Ihis infu- 
sion contains tannin as long as it is coloured, and will 
cause a yellowish or whitish precipitate on addition 
of the solution of glue ; but the clear liquor no 
longer contains tannin, though it still contains the 
gallic acid, as appears by its turning black when green 
copperas is added. 
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After these observations, the directions of Mr. 
Desmond, for adopting Seguin's mode of tanning, 
will be more easily comprehended. They are briefly 
as follows. 

Provide five digesters, having apertures at bottom ; 
place them near to each other, and elevate them 
upon stillages. Fill them with ground tan, and pour 
water into the first. After standing a little time, 
draw it off, and pour it on the tan in the second ; 
and so on, till it has passed them all. When this 
liquor, which is called the tanning lixivium, is drawn 
off from the first digester, fresh water must be poured 
on, and pass through all the digesters in the same 
way. After this is repeated several times, the liquor 
no longer deposites a sediment on addition of the so- 
lution of glue, and therefore contains no more tannin. 

What passes after this is to be kept separately, 
and more water passed through, untii it no longer 
gives a black colour with green copperas. This 
liquor is called the gallic lixivium, and is used instead 
of water in the process of depilation. 

The tan is now completely spent or exhausted, 
and must be removed, that its place may be supplied 
by fresh. The tan in the other digesters will like- 
wise presently be exhausted, and require to be re- 
placed by fresh in the same manner. 

The tanning lixivium should always be so strongs 
as to mark from six to eight degrees on the hydro- 
meter for salts ; and when, therefore; what passes 
from the last digester is of less strength, it must be 
poured upon the fresh tan in the first digester. 

The hides and skins being washed and fleshed in 
the usual way, are immersed in a liquor formed of 
one part of sulphuric acid to a thousand of gallic lixi- 
vium ; and the hair is then to be scraped off". Rai- 
sing is very seldom necessary ; and the hides, being 
washed and dressed with the round knife, are fully- 
prepared for tanning. 

First steep the skins or hides for some hours in a 
weak lixivium of only one or two degrees, as th«& 
M m 2 
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which runs from the second digester, or some that 
has been already used for tanning. Then put them 
into a stronger lixivium ; and after a few days renew 
the lixivium, which will now be found to be much 
weaker than at first. Let it be renewed as often as 
it is found necessary, until the hides are quite tanned, 
which may be known by cutting off a small piece of 
the edge. Now remove the leather, and dry it in a 
shady place. 

The peculiarity in this mode of tanning is the 
using a strong infusion of the tan separated from 
much of the gallic acid, instead of immersing the 
hides together with the bark in the tan pits. 

The advantage of it is the saving of time, hides 
being tanned in this way in fewer weeks than in 
months according to the old plan. 

Some tanners say that it requires more bark, and 
that the leather is of an inferior quality. Others de- 
ny this, and assert the contrary. 

I believe the chief reason, why this plan is so 
little adopted in this country, is, the uncertainty of 
the market. A tanner must be daily receiving fresh 
hides, and should, therefore, be regularly disposing 
of his leather j otherwise it lies long upon his hands, 
and he loses in profit. Now in adopting this mode 
of tanning, which is so speedy, there must be seasons, 
when the tanner's stock must be immense ; and of 
course the capital employed in such a trade must be 
at one time very great, whilst at another he can em- 
ploy but little. 

This inconvenience, added to the prejudices of 
old manufacturers against all innovations, has re- 
r.arded the introduction of Desmond's plan very 
considerably. 
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OF CURRYING. 



THE art of the Currier consits in rendering 
the tanned skins supple and of uniform density ; in 
giving a proper grain, and in blacking such as are 
required to be of that colour. 

The leather, generally submitted to the currier's 
art, is of the thinner softer kind, as calf, seal, and 
dog skins, horse-hides, and the lighter cow-hides. 

The stronger hides are almost solely employed for 
making the soles of boots and shoes, and such re- 
quire no preparation after tanning but what is effect- 
ed by the shoemakers, after they are cut up into 
pieces fit for use. 

Such, however, as are intended for coach and har- 
ness leather, are prepared by the currier ; and hog- 
hides, of which the seats of saddles are usually made, 
likewise undergo part of the process of currying. 

After the face, and ends of the shanks, have been 
cut off, if not previously done by the tanner, the 
currier commences his business by soaking the skin3 
in water, till they are completely wetted through. 

They are then taken out, and after draining are 
placed upon short flatsided posts, called beams, to 
undergo what is termed the shaving. 

The workman standing behind the beam, shaves 
or cuts off the loose cellular membrane from the 
flesh side of the skin with a round-edged knife, 
having a double handle, and worked with both 
hands. The knife is first carried lengthways, and 
then across the skin from the back to the bcily 5 
and by this process the different parts are brought 
to a more equal substance. " 
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The skins thus shaved, are again immersed in 
water till they are well soaked, and are then brought 
out to be scoured. 

The scouring is generally, and ought always to be 
performed at twice - 5/ the first part of the process be- 
ing called ivater scouring, and the latter sleeking. 

For this purpose the skin is stretched out upon a 
marble or stone slab, and the water scouring consists 
in pressing along it with a thin blunt-edged stone, 
fixed into a wooden handle, or with a lump of pn- 
mice stone •, and in" occasionally scouring it with a 
hard brush dipped in water. 

The skin being again soaked in clean water, is ta- 
ken out and sleeked ; which sleeking is done pre- 
cisely in the same manner as the water scouring, 
except that a blunt edged iron instrument, fixed in- 
to a wooden handle, and which is called a sleeker, is 
substituted for that of stone. 

The object of the scouring is to extract all the lime, 
and other filth, that the leather had acquired in tan- 
ning ; and the use of the sleeker, that is employed 
last, is to force out all the water, extend the skin, 
and obliterate the natural grain. The more the skin 
is extended, the finer grain will it afterwards as- 
sume. 

The next part of the process Is to impregnate the 
leather with oil, which renders it supple, and in a 
great measure impervious to water. 

The skins for this purpose should only be half 
dried; and therefore in general, when scoured, they 
are laid in heaps till wanted. But sometimes for the 
sake of despatch, they are hung up separately in the 
sheds to undergo this partial drying ; and this is 
called by the workmen samming. 

To impregnate them with oil, or as the workmen 
term it, stuff them^ they are laid out upon tables, 
and first the grain side of the leather is rubbed over 
with a mixture of cod oil, and an oil obtained from 
the leather dressers, called s©4 oil. Then the flesh 
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side is rubbed over with a larger quantity of a mix- 
ture of sod oil and tallow, with only so much cod oil 
as will render it of a proper consistence to be easily 
spread upon the leather. 

When the skins are thus stuffed, they are again 
hung up separately in airy sheds to dry ; but before 
they beeome quite dry, they are taken down and 
set ; i. e. they are stretched out upon a table, and 
the neck and other coarse parts are pressed with a 
stone, similar to that used in scouring, with a view 
of extending them, taking out all wrinkles, and ob- 
literating what may remain of the natural grain. 
They are then hung up again to be thoroughly dried, 
either in the sheds, or in stoves, according to the 
weather. If shed-dried they require to/ be exposed 
last of all to the sunshine. 

The process of currying, as far as we have now 
described it, is termed by the workmen the futting 
out. 

It now remains to render the leather more supple 
and pliable, to give it a grain, and to blacken it, if 
required. This part of the business is called. ^£ 
making it p. 

The dried skin is laid upon a large board with the 
grain side upwards, and being doubled is rolled with 
considerable pressure upon the flesh side first, and 
afterwards upon the grain, with a fluted board, fas- 
tened to the operator's hand by a strop. This roll- 
ing is done in -the dirscTion from the hinder shank 
to the cheek each way. 

To take off the grease that remains on the surface 
of the leather, the flesh side i.is gone over with a 
sharp sleeker, and the grain rubbed with tow and 
the finer shavings, called whitenings. To complete 
this object, the flesh side is slightly shaved with a 
fine-edged knife, which is called the ivhitening, and 
the grain is very highly sleeked. 

To give a grain to the leather, it is now rolled 
upon the flesh side with a much finer fluted board 
than before, and with greater exactness. 
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The blacking, which is the only part of the busi- 
ness that remains to be described, is performed very 
differently on the different sides. Leather, that is 
to be blackened on the flesh side, which is the case 
with most of the finer leather for shoes and boots, is 
blackened with lamp-black •, and what is blackened 
on the grain side, receives that colour from the ap- 
plication of copperas or green vitriol. 

For the first kind, a mixture of lamp-black, cod 
oil, and tallow, with a small quantity of the water in 
which the leather was soaked previously to the sha- 
ving, is rubbed into the flesh side with a round 
brush, and it is then brushed over with strong size 
and tallow. 

When this has dried, it is sleeked with a round 
smooth-edged glass sleeker, and is lastly washed 
over with a weak size, to fix the colour. 

Tlfe leather that is to be blackened on the grain 
side, after being shaved and scoured as usual, is 
brushed over with chamber-lie, and then with a so- 
lution of green copperas. To prevent its striking 
too deep, it is then washed with water, and sleeked 
out. 

It is now to be stuffed as the other leather, but 
with a less proportion of tallow, and more sod oil. 
This should be done as soon as it can conveniently, 
lest the copperas should injure the leather. 

When it has imbibed the oil, it is not exposed to 
the sun, but taken down, stoned quite smooth, and 
again washed with the solution of copperas, till 
quite black. 

If any artificial grain is wanted, it is now imprint- 
ed with a piece of the dried skin of a dog fish. If 
the natural grain is wished for, the skin is rolled 
with a very fine fluted board upon the flesh side in 
two or three directions, and lastly upon the grain 
with one still finer. ^ 

The leather is now hung up to dry, either in the 
sun, or by the stoves, and when dried is whitened, 
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but not with the same care that the other kind re- 
quires. 

After whitening, it is again roiled with the fine 
fluted board, and the process is finished by. rubbing 
it over with a small quantity of cod oil and tallow. 

In blacking the leather in this way, the copperas 
acts the arae, as when it is added to an infusion of 
bark or tan, which is immediately turned black by 
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1S3 
Conductors of heat, 43 
Conftituent parts, l3 
Copper, 159 
Copal, 285 
Cortual layers, -330 
Cotyledons, or lobes, 325 
Cream, 376 
Cream of tartar, 'or tartrit of 

potato, 293. 305 
Cryftals, 200 

Cryftallization, 170. 200. 2 &S 
" Cucurbit, 124 
Curd, 380 
Currying, 415 
Cuticle, or epidermis, 357 

D. 

Decompofition, 17 

— of vegetables, 294 

Deflagration, 256 
Deliquefcence, 342 
Detonation, 112. 254 
Dew, 58 
Diamond, 139 
Diaphragm, 362 
Digeftion,' 360 
Divellent forces, 224 
Diflblutton of metals, 167 
Diftillation, 125. 236 
■ of red wine, 303 

Divifion, 17 
Drying oils, 282 
Dyeing, 288. 397 

E. 

Earths, 197 

Earthenware, 204 

Eftervefcence, 148 

Efflotefcence, 241 

Elective attractions, 222 

Elementary bodies, 19 

Elixirs, tinctures, or quintefcen- 

ces, 307 
Enamel, 207 

Epidermis of vegetables, 331 
Epfom falts, 213. 242 
Equilibrium of caloric, 36 
Efifences, 281 

Iffential, or volatile oils, 153 
Ether, 60. 82. 309 



Evergreens, 336 
Eudiometer, 134. 251 
Expanfion of caloric, 28 
Extractive colouring matter, 2871 
305 



Falling ftones, 174. 
Fat, 153. 337 
Feathers, 350 
Fecula, 279 
Fermentation, 296 
Fibrine, 344 

F " h > 379 

Fixed air, or carbonic acid, 143, 

——alkalies, 1S1 

oils, J53. 230 

-.. n ..products of combuftion, 102 
Flame, 117 
Flint, 203 

Fluoric aiiJ, 204. 228 
Food of animals, 317. 359 
Formic acid, 345 
Foffil wood, 316 

Free caloric, or heat of tempera- 
ture, 27 
Freezing mixtures, 76 
Frankincenfe, 285 
Friction, 81 
Froft, 83 
Fuller's earth, 206 

G. 

Galls, 243. 292 
Gallat of iron, 243 
Gallic acid, 243. 292 
Galvanic electricity, 163 
Gas, 87 

Gafeous oxyd of carbone, 147 
1 nitrogen, 25a 
Gartric juice, 260 
Gelatine, or jelly, 340 
Germination, 325 
Gin, 305 
Glands, 355 
Glafs, 190. 205 
Glauber's falts, or fulphat of (b» 

da, 240 
Glazing, 207 
Glucina, 197 
Glue, 340 
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Gluten, 2S0 
Gold, 163. 266 
Gum, 275 
. arable, 275 

elaftic, or caoutchouc, 286 

— — rcfins, 285 
Gunpowder, 254 
Gypfum, or plaifter of Paris, or 
f jlphat of lime, 242 

H. 

Ha'rr, 350 

Harrowgate water, 130. 173 
Hartihorn, 195. 197 
Heart, 364 

wood, 332 

Heat, 27 

— 1 of capacity, 66 

of temperature, 27 

Honey, 279 
Hoins, 341. 350 
Hydro-carbonate, 151 
Hydrogen, 105 
■ < — gas, ic6 

I. 

Tafper, 2C3 
Jce, 72. 76 
Jelly, 340 

J et » 315 

Ignistatui, 135 
Ir.combuftible bodies, 92. lSr. 

'97 
Inflammable air, ico 

Ink, 243. 292 
Infects, 380 
Integrant parts, 18 
3ridium, 39 
Jfinglafs, 340 
Jvory black, 34S 



Kali, 192 



K, 



L* 



Ljc, 386 
Laftic acid, 345 
Lakes, colours, 287 
Latent heat, 71 
Lavender water, 284 



Lead, 159. 1C1. 

Leather, 289. 344 

Leaves, 3:0 

Life, 271 

Ligaments, 352 

L-ght, 24. 328 

Lightning, 121 

Lime, 198. 208 

Lime water, 209 

LimcRone, 208 

L'mfe^d oil, 280 

Liqueurs, 306 

Liquids, 29 

Lobes, 325 

Lunar caultic, or nitrat oi 

178 
Lungs, 362 
Lymph, 353 
Lymphatic veffels, 353 

M. 

Magnefia, 212 

Malic acid, 291 

Malt, 298 

Manganefe, 97. 1 59 

Manna, 279 

Manure, 319 

Marble, 258 

Marine acid, or muriatic aci<J, 

228. 262 
Mnftic, 285 
Materials of animals, 338 

■' of vegetables, 27: 
Melting of metals, 161 
Membrane, 357 
Mercury, 176 
Metallic acids, 172 
— — oxyds, 159. 207 
MeUls, 19. 157 
Mica, 212 
Milk, 354. 381 
Minerals, 158. 19c. 27c 
Mineral waters, 130. 148 
1 acids, 229 

Mixture, 54 
Molybdena, 19. 172 
Mortar, 205. 212 
Mucilage, 275 
Mucous acid, 291 

■■ membrane, 357 
Muriatic acid, or mailne acid* 

228. 262 
Muriats, 263 
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of ammonia, 193. 268 
k. 1 ■ of cobalt, 180 

■ of lime, 78 
i. of fodu, or common fair, 

263. 268 
Mufcles of animals, 351 
Mufk, 386 
Myrrh, 286 

N. 

Naphtha, 315 

Nerves, 355 

Neutral, or compound falts, 268. 

183 
Nickel, 19 
Nitre, or nitrat of potafh, or falt- 

petre, 791. 248 
Nitric acid, 245 
Nitrogen, or azote, 87 

gas, 87 

Xitro-muriatic acid, or aqua re- 

gia, 266 
Nitrous acid gas, 248 
Nitra'.s, 254 
Nitrat of cooper, 24.8 

- of ammonia, 252. 256 
■ ■ '- of potafh, or nitre, or filt- 

petre, 191. 248. 254 
— — - of filver, or lunar cauftic, 

178. 256 
Nomenclature of oxyds, 93 
■ of acids, 12S 
Nut-galls, 244. 29a 
Nut-oil, 280 

0, 

Ochres, 161 

Oil of amber, 316 

— of vitriol, or fulphuric acid,233 

Olive oil, 280 

Ores, 158 

Ofmium, 19 

Oxalic acid, 291 

Oxyd of mangancfe, 97. 159 

1 of iron, 159 
— •— of lead, 159 
' of fulphur, 226 

Oxygen, 86 

1 gas, or vital air, 97 

Oxy-muriatic acid, 264 
Oxy-muriats, 268 
Oxy-muriat of potafh, 268 
an 2 



Palladium, 19 

Papin's digefter, 34a 

Parenchyma, 325 

Pearlafh, 186 

Peat, 316 

Perfumes, 283 

Perfpi ration, 371 

Peppermint water, 284 

Pewter, 175 

Pharmacy, 14 

Phofphat of lime, 244. 3 50 

Phofphorated hydrogen gas, 13^ 

Phofphoric acid, 132. 244 

Phofphorous acid, 133. 244 

Phofphorus, 131 

Phofphoret of lime, 136 

of fulphur, 136 
Pitch, 285. 333 
Platina, 1 59 
Plating, 176 

Plumbago, or black lead, 15s 
Plumula, 325 
Porcelain, 207 
Potafh, 182. 184 
Precipitate, 23 
Printer's ink, 267 
Pruffiat of iron, or prufiian biucv 
347 

1 of potafh, 346 

Pruflic acid, 346 
Putrid fermentation, 31-. 387' 
Pyrites, 173. 243 
Pyrometer, 30, 35 

<^ 

Quadruple compounds, 2ir» 
Quick lime, 198 
Quiefcent forces, 224 

R. 

Radiation of caloric, 37 
Radical, 184 
Radicle, or root, 325 
Rain, 57 
Rectification, 306 
Reflection of caloric, jS- 
Reptiles, 308 
Refins, 285 
Refpiration, 361 , 36? 
RhodJY.m, 19 
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Roafting metals, 15,2 
Rum, 303 



Saccharine fermentation, 297 

Sal ammoniac, or fulphat of am- 
monia, 193 

w— polychreft, or fulphat of pot- 
am, 240 

•— volatile, or carbonat of am- 
monia, 195 

Saltpetre, or nitre, or nitrat of 
potafh, 191. 248. 254 

Salt, 239 

Sand, 204 

Sap of plants, 275. 326 

Sapphire, 208 

Saturation, 56 

Sebacic acid, 283. 345 

Secretions, 355 

Seltzer water, 148. 261 

Senfes, 356 

Silex, or filica, 203 

Silk, 386 

Simple bodies, 18 

Size, 340. 357 

Skin, 357 

Smelting metals, 152 

Smoke, 102 

Soap, 186 

Soda, 182 

. water, 149 

Soils, 206. 212. 318 

Soldering, 176 

Specific heat, 65 

Spermaceti, 385 

Spirits, 305 

Steam, 57. 74 

Steel, 152 

StUCCO, 212 

Strontites, 19. 213 
Suberic acid, 291 
Sublimation, 123 
Succin, or yellow amber, 316 
Succinic acid, 291. 316 
Sugar, 276. 297 
1. of milk, 384 

Sulphats, 240 
Super-oxygenated fulphuric acid, 

226 
Sulphat of alumine, or alum> 

2061 242 



Sulphat of barytes, 208 

" of iron, 169. 243 
——of lime, or gypfum, or 

ter of Paris, 242 
— — of magnefia, or Epfom 

fait, 242 
— — — of potafh, or fal poly- 
chreft, 240 
— — — of loda, or Chuber'i 

falts, E13. 240 
Sulphur, 122 

Sulphurated hydrogen gas, rw 
Sulphurets, 136 
Sulphurous acid, 128 
Sulphuric acid, 128 
Sympathetic ink, 184 
Synthefis, 140 



Tan, 289 
Tannin, 288. 344 
Tanning, 407 
Tar, 285. 333 
Tartarous acid, 291 
Tartrit of potafh, 293 
Teeth, 342 
Tellurium, 19 
Thermometers, 32 
Thunder, 121 
Tin, 165. 175 
Titanium, 19 
Turf, 316 

Turpentine, 285, 333 
Tranfpiiation of plants, 32.J 
Tungften, 19. 172 

V. 

Vapour, 29. 88 
Yarnifhes, 286 
Vegetables, 230. 275 
Vegetable acids, 155. 29* 
— — - — colours, 266 

, heat, 385 

. oils, 280 

Veins, 253. 464 
Venous blood, 254 
Verdigris, »8o 
Vinegar, 311 
Vinous fermentation, 299 
Vital air, or oxygen gas, 97 
Vitriol; or fulphat of iron, 2 r 3 
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CJndecompounded acids, 128 Yeaft, 387 

Uranium, 19 Yttria, 197 

W. Z. 

Water, 106. 318 Zinc, 165 

Wax, 279 Zirconia, 197 

Whey, 382 Zoonic acid, 34$ 
Wine, 299^ 
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HUMPHREYS, 

Bookseller and Stationer, 

On Change walk, the Corner of Second and Walnut Streets., 
Philadelphia, 

Has for Sale, 



Parkinfon's Chymical Pocket 
Book. 

Edinburgh School of Medi 
cine, 4 vols. 

Currie on the Effects of Wa- 
ter cold and warm. 

Hamilion on the Purgative 
Medicines. 

Accum's Chymiftry, Plates. 

A Chymical Catechifm : or 
the application of chymif- 
try to the arts : for the ufe 
of young people, ait ; fts, 
tradefmcn, and the amufe- 
ment of leifure hours. To 
which are added a variety of 
ufeful experiments, &c. By 
S. Parkes, Manufacturing 
Chymift. 

Woodhoufe's Chaptal's Chy- 
miftry, a vols. 

Lavoifier's Chymiftry, Plates. 

Henry's Chymiftry. 

Black's Leisures on Chymif- 
try. 

Skrimfhire's Chymiftry. 

Joyce's Chymiftry, 2. vols. 

The Ltc"ture9 of Boyer on the 
Difeales of Bones : with 
Plates ; and Notes and ad- 
ditional Plates, by Jofeph 
Hartftiorne, M. D. 

A Syftera of Surgery, by B. 
Bell, Plates, 4. vols. 

Practical Obfcrvations in Sur- 
gery, illuftrated with Cafes 
and Plates : By W. Hey, 
Efq. F.R. S. 

Turnbull's Naval Surgeon. 

Abernethy's Surgical Obfer- 
vations. 

Chefeiden's Anatomy, Plates. 

Fyfe's Anatomy, %■ vols. 



Murray's Materia Medica. 

Cullen's ditto. 

RufiVs Works, 4 vols. 

Cullen's Practice. 

Cullen's Chymical Lectures* 

Burns on Abortisn. 

Bard's Midwifery. 

Dewees's Abridgement of 
Baudelocque's Midwifery. 

Denman's Midwifery, z vols. 

Downman's Infancy. 

Trotter's Nervous Tempera- 
ment. 

Rirherand's Phifiology. 

Haller's Phifiology. 

Blumenbach's Phifiology. 

Qumcey's Lexicon improved. 

Hooper's Medical Dictionary. 

Fox's Medical Di£hon?ry. 

Blair on Nitric Acid in Ve- 
nerial. 

Reddoes on Confumption. 

Brown's Elements of Medi- 
cine. 

Aflllini on the Plague. 

Town (bend's Guide to Health 

Buchan's Family Phyfician. 

Buchan's Advice to Mothers. 

Town and Country Friend 
and Phyfician. 

Parkinfon's Medical Admo- 
nitions to Families. 

Grave's Pocket Confpeftus of 
the London and Edinburgh 
Pharmacopoeias. 
Darwin's Botanic Garden. 
Darwin's Temple of Nature. 
Darwin's Phytologia. 
Nuife's Guide, or Compani- 
on for a fick Chamber. 
Hooper's Rational Recreations 
63 Plates, 4 vols. 



Compendium of the Anato- 
my, Phifioloay, and Patho- 
logy of the HoiTe. 

Pinkerton's Recollections at 
Paris, % vols. 

Combrune on Brewing. 

Kelly's Book-keeping, fim- 
plc, perfect, and eafy. 

Hiftory of the Weft Indies, 
and the Bahamas, with At- 
las of the Iflands, 4. vols. 

Oddy's European Commerce, 
detailing the produce, ma- 
nufaftures-and commerce of 
Rufiia, Pruffia, Sweden, 
Denmark, and Germany ; 
as well as the trade of the 
rivers Elbe, Weler, and 
Ems, 1 vols. 

With a varictv 



Lyttletou's Letters. 

Commercial Dictionary, 3 
vols. 

Commercial Precedents. 

Dictionary of Merchandife. 

Abbott on Shipping- 

Oriental Navigator. 

Thornton on Paper Money. 

Mariner's Chronicle ; being 
a collection of the moft in- 
terefting narratives of fliip- 
wrecks, fires, famines, and 
other calamities incident tj 
a life of maritime enter- 
prife, &c. &c. 4. vols. 

Dairy's Adventures at Mada- 
gascar. 

Popular Tales, z vols. 

Winter in London, 2 vols. 

of other Books. 



Now in trie rress, priming uy ouwoCnptiOD," 
The following new, interesting, and entertain- 
ing Work, viz. 

STRUGGLES THROUGH LIFE, 

Exemplified in the 'various 

Travels and Adventures 

In Europe, Asia, Africa, and America, of 
LIEUT. JOHN HARRIOTT, 

New resident Magistrate of the Thames Police, London. 
CONDITIONS. 

I: shall be printed in^jwo volumes, duodecimo, on a neat 

type, and a handsome paper. 
The price to subscribers will be two dollars for it neatly bound 

and lettered, to be paid on delivery. 
To non-subscriber* the price wi/l be advanced. 

$$> The English edition cannot be sold here in plain bind- 
ing under six dollars. 

JAMES HUMPHREYS. 

From the Literary Panorama for January, 1808. 

" THIS book is the composition of a man of 
strong natural good sense ; of a brave heart, active 
disposition, and undaunted perseverance. He seems 
to be endued with that rare faculty which distin- 
guishes heroes ; — a perfect self-possession, in the 
midst of peril. He manfully grapples with labour, 
and subdues it ■, he boldly faces danger, and over- 
comes it. His education, confessedly, was not the 
most refined ; but his work is well put together ; the 
style, if not highly polished, is commendable for its 
uniformity. We give him credit for a strict regard 
to truth ; and we doubt not but he describes men 
and things correctly. He thinks for himself, and 
commonly decides well. He is now and then a lit- 
tle jocular ; and a pleasant story agreeably relieves 
the narrative, and diversifies the scene. His life 
has been chequered with abundant variety \ he has 



visited e«cn quarter ui me yiuue, ana appears 
sailor, a mercantile man, a soldier, an agricultural- 
1st •, and even as executing the office of judge advo- 
cate, and in the remote parts of India performir 
certain functions of a clergyman. At last we vie 
him as one of the Magistrates of the Thames 
lice, of which he was the original projector •, 
we heartily wish he may spend the evening of his 
days in honourable tranquillity. We well know that 
he discharges the duties of his situation with great 
respectability, that his judgment is clear, and his 
heart incorruptible •, that he is prompt to punish 
guilt, but happy to reclaim j and is always delighted 
in an opportunity of shewing mercy, when it is com- 
patible with distributive justice. 

" This work is valuable also, for the descriptions 
oi' America, and American manners. Mr. H's 
opinion on the comparative advantages of sava<; 
•'.ivilized lite is entitled to peculiar attention; as 
shewing that the same passions domineer over the 
human heart, in all stages and states of life." 

From the Annual Re\ 

" There is anecdote and adventure enough in these 
volumes to satisfy the keenest avidity. 

" In all his struggles Mr.. Harriott has behaved 
like an honest man, and like an honourable one.— 
He was hard tutored in the school? of adversity, but 
she has taught him to appreciate his present posses- 
sions. A lesson so valuable can scarcely be learned 
at too great expense." 

SUBSCRIPTIONS arc received by said Hum- 
phreys, at his Bookstore on Change-walk, the Cor- 
ner of Second and Walnut Streetr, Philadetp 
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